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pathogen invades body 


complement cascade 

is activated as part of the 

immune response in order to: 

* mark pathogens for elimination by other cells of the immune system 
* lyse pathogens directly 


Y 
cascade is composed of serum complement 


Y 
complement activation occurs in 3 ways 


COMPLEMENT CASCADE ED 


proteins produced mainly by hepatocytes 
—— MB-lectin pathway 


— alternative pathway 


Y | both of these pathways occur without the help of antibodies = innate immune response 


classic pathway J 


acute phase protein called 
mannan binding lectin (MBL) 
binds mannose residues 
found on pathogen surface 


Y 
complement protein C1q 

binds antibody-antigen complex 
found on pathogen surface 


Y 
C1q forms complement | 
protein C1s MBL is then bound by 
MBL associated serine protease (MASP) 


pathogen-MBL-MASP 
Y complex behaves just like C1s 
C1s cleaves complement leading to the formation of 


proteins: C3 convertase 
| + C4 into C4a = | 
anaphylatoxin 


C2 into C4 into follows classic pathway from 
C2b C4b this point on 


— 


C4b and C2b join to form 
C3 convertase 


| 


C3 convertase cleaves 
complement protein C3 into 


C3a = 
anaphylatoxin 


produces many molecules of 
C3b which amplifies the 


complement cascade 
response bon 
C3b also binds 


i C4b2a to form 


C3b coats pathogen C4b2a3b or 
and marks it for phagocytosis = 
opsonization 


C5 convertase 


C5 convertase cleaves 
complement protein C5 into 


C5a = 
anaphylatoxin 


— >» by binding and activating — 


I 


complement protein C3 is 

spontaneously activated 

(usually by pathogen surface molecules) via 
hydrolysis 


| 


C3 directly binds pathogen surface 


C3 forms 
C3a= C3b 
anaphylatoxin | 
C3b binds factor B 


and forms C3bB complex 


| 


C3bB complex 
is cleaved by factor D 
into C3bBb 


C3bBb behaves just like 
C3 convertase 


follows classic pathway from 
this point on 


cause more inflammation 
can lead to 


other inflammatory cells anaphylaxis 


C5b — binds C6 —= C5bC6 binds C7 —» C5b67 binds —= C5b678 binds C9 
C8 to form forming the 
C5b678 membrane attack complex 


| 


a pore forms in » pore allows water and ions 
into organism causing 
cell lysis 


to form C5bC6 to form C5b67 


membrane of pathogen 


intrinsic pathway abnormalities 
measured by 


series of enzymatic reactions 
that occur within 
secondary hemostasis (see map) 
in order to form fibrin 


| 


occurs on surface 
of activated platelets 
and vascular endothelium 


| 


divided into 2 
interconnected pathways 


in response to 

injury "within" blood 

vessels: 

* damaged vessel endothelium 
* damaged platelets 


in response 
lo tissue injury 
"outside" blood vessels 


intrinsic "T bc" extrinsic 


activated partial pathway pathway 
thromboplastin time (aPTT) | 

begins by the creation | 

of a complex on vascular 


subendothelium between: 


* factor XII (aka Hageman factor) 
* high molecular weight kininogen (HMWK) 


* prekallikrein 


HMWK to bradykinin 


leads to: 

* 4? vascular permeability 

* smooth muscle constriction 
* vascular vasodilation 


extrinsic pathway 
abnormalities 
measured by 
prothrombin time (PT) 


begins by the creation 


of a complex between: 


| factor VII i 
this complex * calcium this complex 
activates * tissue factor (TF) activates 


factor XII to XIla 


[. factor XIla activates: 


prekallikrein to kallikrein factor XI to Xla 


| | 


kallikrein converts: tacorXlamotuales 
factor IX to IXa 


* thromboplastin 


factor VII to Vila 


Y 
factor Vlla activates: 


Y 
factor X to Xa 


IXa becomes a common pathway abnormalities 
part of a new complex measured by both PT and aPTT 
plasminogen to including: t 
plasmin * IXa this complex Xa initiates the 
* Villa activates ^ ——- common pathway — -— — ———— — 
X Xto Xa by forming a complex 
activates complement between: 
component C3 to C3a 
(see complement cascade map) "Xa this complex 
“Va cleaves 
* calcium prothrombin (factor Il) 
Tem ua K * phospholipid into thrombin 
plasmin initiates fibrinolysis 
as it degrades fibrin into M rin 
fibrin split products thrombin 
n le of 
' ' main role of 
fibrinolysis can be thrombin is to convert 
measured in lab as an à fibrinogen (factor I) to fibrin 
+ d-dimer level 
Y 
amplifies stimulates fibrin is cross-linked 
the coagulation cascade platelet aggregation by factor XIlla 
by activating factors: and granule secretion 
V (see hemostasis map) Y ` 
permanent clot is 
+ VIII formed as fibrin 
-XI combines with 
* XIII platelet 


aggregates 
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etiologies include: 

* ongoing infection 

* acute inflammation 
* tissue damage from chronic disease 
* toxic exposure 

* autoimmunity 

* malignancy 


— 


release of 
reactive oxygen species 
and reactive nitrogen species 


tissue damage 


regardless of etiology 
antigen is unable to 
be cleared by immune 
system 


Y 
leads to a state of chronic inflammation 


Li 
continuous activation of T cells 


release of 
IFN gamma 


Y 


accumulation and activation of 
macrophages 


work in concert to 


i $t intracellular 
p sni adhesion 
release of 


TNF & 


t 


cytokines released 
tissue wasting 


Y 
fibroblast proliferation 


Y 
collagen production 


Y 
fibrosis 


Y 
alters structure 
and function of 
involved tissues 


4 microbicidal 
activity 


1r inflammatory 
— — ———- cell recruitment and 


CHRONIC INFLAMMATION QED 


exacerbates inflammatory response 


ft cytokine release 


4 expression of antigen 
MHC II molecules presenting cell 
functions 


RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM QED 


kidneys sense 
& in circulating & blood volume 
blood volume due to: via 3 main 
* hypovolemia mechanisms 


* 9 total peripheral resistance (TPR) 
* congestive heart failure (CHF) 


f I } 


g stretch of 1 stretch of & NaCl delivery 
baroreceptors renal baroreceptors and reabsorption 
in central arterial in afferent arterioles across macula densa 
circulation 
f sympathetic outflow causes J} 
to beta receptors on in calcium concentration 


juxtaglomerular cells (JGA) 


leads to renin released 
ATIL "by JGA cells into. —— — | 


suppresses renin circulation 
release | 
kininogen renin is cleaved 


kallikrein by angiotensinogen 
into angiotensin I 
(inactive form) 


bradykinin ACEcleaves—— ATI travels to lungs 
i bradykinin where it is cleaved by ACE 


bradykinin: into AT Il (active form) 
* vasodilates 
* decreases platelet inactive 
RUPEM umm AT | receptor located in: 
. + vasculature * hypertrophy of myocytes worsens 
ANT B esr later + kidney * @ matrix formation © — — heart failure 
. - endothelium esidratials š fibrosis (see map) 
* adrenal glands : hean 
* brain | 
| * fibrosis worsens chronic 
opposite affect of AT | long-term physiologic actions —— - pur uL, Kidney disease 
lead to structural changes ypertrophy (see map) 
and disease 
í bradykinin f in: * thrombosis worsening hypertension 
* nitric oxide «hypertrophy ——Ə  — and vascular disease 
* cyclic GMP * vasoconstriction (see maps) 
*intimal thickening ` 
stimulation of the AT | receptor * hypertrophy of smooth muscle cells 
causes multiple other 


short-term physiologic effects 
actions which 4 


4——— the circulating volume 


acts on 
hypothalamus / 
to stimulate thirst acts on ft plasminogen activator inhibitor-| smooth muscle enhances 
and ADH release zona glomerulosa (PAI-I) constriction release of catecholamines 
| of adrenal cortex in systemic from adrenal medulla 
ah to release "- vasculature | 
total body aldosterone causes constriction of TER : f $ adrenergic 
feewalar efferent arterioles aus $ peripheral ista 
s sadir more than afferent arterioles eeh vascular | 
reabsorption to % perfusion pressure resistance Ñ 
at distal tubules ge t H atau 
$ risk of: 4 afterload contractility 
| + water and * atherosclerosis on heart 
4 fluid sodium * blood clots + risk of 


reabsorption reabsorption arrhythmias 
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secondary hemostasis 
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stola die dn: 


2 major types of heart failure 


left-sided 
heart failure 
(see map) 


right-sided 
heart failure 


4 afterload 


causes: 


RIGHT-SIDED HEART FAILURE € 


placed on right * left-sided heart failure (most common) 


ventricle 


* right-sided MI 


* cor pulmonale (see map) 


right-sided 
ventricular strain 


| 


heart attempts to maintain 
systolic function by 
{t preload in right ventricle 


this compensation 
fails if myocardium 
becomes weakened 


pressure builds up in 
right ventricle and travels 
back to right atrium 


leads to congestion 
of systemic vasculature 


| 


* 4; jugular venous distention (JVD) 
* peripheral edema 


portal system is 
especially affected 


* hepatosplenomegaly 
* hepatojugular reflex 
* ascites 

* jaundice 

* nausea 

* anorexia 


elevated liver enzymes: 
“AST 

* ALT 

* LDH 

* bilirubin 


$ right ventricular 
output due to 
decompensation 


can shift 
@ blood volumein — , interventricular 


right ventricle causes hypertrophy septum 
| to the left 
right ventricular 
hypertrophy develops 
sili xdi » distorts valvular 
architecture 
right ventricular 
heave 


* tricuspid valve insufficiency 
* pulmonary valve insufficiency 
(see vaivular regurgitation map) 


chest x-ray: 
1 retrosternal 
airspace (on lateral view) 


ECG: 

* right axis deviation 

* deep S wave in lead V6 
* large R wave in lead V1 
* peaked P wave 


& venous return 


to left side of heart 


Y 
1j preload on 
left ventricle 


Y 


1) left-sided 
cardiac output 


t 
fatigue 
anorexia 

shortness of breath 


LEFT-SIDED HEART FAILURE EI 


2 major types of heart failure 


5 right-sided 
left-sided M > heart failure 
heart failure (see map) 
hemodynamic 
dysfunction can 
occur as either or 
both 
M 
common causes: a diastolic most common cause 
* MI š syetolis i dysfunction * hypertension 
+ hypertension dysfunction 
e virus / toxin Y 
heart cannot heart cannot 
contract properly relax because it is 
due to either or less compliant 
both Y 
| N impairs stiff ventricle 
9 afterload p contractility ability of ventricle ——————————————————————- causes $4 
to accommodate © pressure heart sound 
stress from — — atthe end —— Pressure 
filling of diastole ia 
concentric 
hypertrophy 
URN E ——o,5 a 1 cardiac output 
volume 
combines 
with incoming — 
£ end systolic volume —— blood from . , £ end diastolic | volume var 
"im volume overload distortion of 
next diastolic compensatory left atrial) —> myocyte architecture > 4 risk of atrial 
tng S enlargement interferes with fibrillation and 
matre output action potentials mdr d 
until decompensation —— pressure from 4 risk of stroke 
occurs (see CHF map) i = (see map) 
ravels 
back to left atrium 
4 preload stretches 
myocytes to pulmonary a 
veins and capillaries 
left ventricular 
remodeling characterized $ pulmonary 
by new "aet capillary hydrostatic € venous * orthopnea 
laig'down Inseties pressure relative to — return when m d paroxysmal nocturnal dyspnea 
with old:sarcameres plasma oncotic patient is supine — * nocturia 
pressure 
— fluid i 
D. upirtrugig into interstitial space 
of lung parenchyma 
heart can become 
dilated = dilated cardiomyopathy | 
pulmonary 1 
| edema — í work of breathing 
$ risk of mitral | 
regurgitation 
(see map) chest x-ray shows: rales dyspnea 
* Kerley B lines on exertion 


* peribronchia! cuffing 
* fluid in fissures 
* pleural effusion 


atrial 


inLA — LAdilates — arrhythmias — Palpitations 


2 major types of 
valvular heart disease 
valvular regurgitation 
(see map) 
major causes: 
* SLE (see map) 
* calcification 
* rheumatic heart disease 
major causes: valvular . . 
* congenital nike A mitral stenosis 
* calcific 
* rheumatic heart disease 
narrow valve creates low 
obstructs > pitch diastolic 
outflow rumble and 
uU 2 from LA opening snap 
aortic stenosis 
Y 
outflow from 
m B verti 1} blood volume 
into aorta is 
obstructed 
N | blood 
tasis 
i ressure travels , 
Ü cardiac as blood is pushed {t blood volume collects P bankwani 
output *— through smaller in left ventricle (LV) 
valve opening at end of systole 
Y 
| into pulmonary 
D cerebral veins and capillaries 
perfusion creates turbulent 1 afterload Y 
blood flow pulmonary — right-sided 
congestion and HTN heart failure 
Y Y 1 
syncope midsystolic combines with * dyspnea on exertion 
murmur is filling from * orthopnea 
crescendo next round of . paroxysmal nocturnal dyspnea 
decrescendo diastole into LV * hemoptysis 
pulsus 
parvus 
et tardus 
pressure works linoa 
$ LV end — — back into pulmonary —— om Y — dyspnea 


diastolic pressure 


| capillaries 
displaced , — 1111 Concentric L B amna 
PMI hypertrophy of LY ` 
congestive 
heart 
failure 
fr oxygen oxygen supply Semanal: 
demands is reduced because LA systole 
hypertrophy now responsible 
compresses for filling 
blood vessels the LV 
ischemia 
| produces S4 heart sound 
i as it contracts 
angina 


into noncompliant LV 


predispose to 
thrombus 
formation 


embolization 
to CNS 


neuro symptoms = 
stroke 
(see map) 


VALVULAR REGURGITATION €) 
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MYOCARDIAL ISCHEMIA AND-INFARCTION €p 


most commonly 
caused by 
atherosclerosis (see map) 


ad myocardial 
——nIY— . . 
meet O» demands eremia 
incomplete occlusion stable angina or angina with exercise = (~75% occlusion) 
plaque occludes — ~  , causes — or 
coronary arteries transient ischemia unstable angina or angina at rest = (-90% occlusion) 
I 1 oxygen suppl 
DER e — — — e gii beeaeedyy —— 2 RIGHT SUMA 
delivery to ; due to: 
n either i i 
myocardium ANETMA 
* hypotension 
| * vasospasm 
if O2 is not cell inu 
Y restored Tuy t oxygen demand 
if plaque ruptures due to: 
+ thyrotoxicosis 
* left ventricular hypertrophy 
compromises. 
Y myocardial 
N function 
forms over plaque 
Y 
coronary ischemia continues 
vasoconstriction > ~30 min 
' 
total occlusion scene > complications of MI 
of artery infarction 
causes: 
. inferior MI with or 4 leads to signs chest/arm/jaw pain 
without — — ^4—— RCA ~— Clinical presentation myocyte = — ang — , Glaphoresis 
right ventricle infarct depends on necrosis symptoms of MI pallor 
* AV node conduction iraton af tachycardia/bradycardia 
abnormalities listen hypotension 
nausea 
' releases reflected in vomiting 
SAUSEN: ~+— LAD cardiac enzymes: ECG via: anxiety N Y 
* anterior / septal MI + troponin - ST changes dyspnea * ventricular aneurysm 
CPP ee máp) * CK-MB * T wave changes * CHF (see map) 
* Q waves * cardiogenic shock 
* cardiac rupture 
: j circumflex artery * tamponade 
f l i € 
| eft HAN artenes * pericarditis (Dressler's syndrome) 
involved: à 
veudiien del * AV node dysfunction 
-LV failure Causes: * arrhythmias 
* lateral MI * ventricular tachycardia 
* AV node conduction abnormalities * ventricular fibrillation 
* LV dysfunction 


* mitral regurgitation (see map) 


ATHEROSCLEROSIS QED 


risk factors for ATH: 

* cholesterol 

smoking | — 

* HTN 

* DM 

* positive family history injury leads to 
chronic inflammation 


fr tendency 
toward arterial 
endothelial injury 


endothelial 


Lo dysfunction 


ft permeability 


Y 
¢ leukocyte 
adhesion 
allows oxidized LDL 


to be deposited Y di» 
monocytes enter intima 


into vessel wall 
of vessel wall Q platelet — 
adherence leading to 
oxidized LDL microthrombi 
stimulates 
uw - Á- , release factors 
dci t that attract smooth 

& nitric oxide T 
monocytes muscle cells into the 
turn into macrophages subendothelium 


: 


smooth muscle cells 
deposit and proliferate within 
extracellular matrix 


Y 
macrophages ingest oxidized 
LDL via scavenger 

receptors 


l 


macrophages turn into 


foam cells 
== forms a 
i fatty streak 
apoptosis of macrophages 
and other 
mononuclear phagocytes 
contributes —— — — — ——— atheroma can develop 
to necrotic core with thrombogenic lipid core 


I 


can evolve into 

fibrous plaque or 

fibroatheroma thrombotic 
emboli 


platelets release: 

* thromboxane A2 —= vasoconstriction — 
* serotonin 

* others 


Y if occurs transiently 


thrombosis —— m J contributes to ——» narrows vessel —— can lead to transient symptoms = 
unstable angina 


forms Size of plaque lumen further 
b. A if evolves into 


i =. ; d ' fixed occlusion can lead 
aoteana Ai to constant and progressive symptoms = 


> ° ischemia 
inflammation make stable angina 
plaque prone to 
rapire renal artery stenosis = 
chronic renal failure (see map) 
unstable : š 
plaque clinical manifestations ^ ^ , peripheral vasculature = 
ruptures specific to location claudication and 
"i Si of stenosis M peripheral vascular disease 
aneurysm cholesterol central nervous system - 
emboli ischemic stroke (see map) 
coronary arteries = 


myocardial ischemia 
myocardial infarction 
(see map) 


respiratory system 
abnormality: 

* COPD (most common) 
* alveolar vasoconstriction 
* respiratory acidosis 

* emphysema 

* pulmonary embolism 
interstitial lung disease 

* polycythemia vera 

* primary pulmonary HTN 


ft pulmonary arterial 
pressure = pulmonary 
hypertension 


pressure works its way back 
into the right ventricle 


$ systolic pressure 


1r afterload into the ————————— in right ventricle causes — ——— — — » right ventricle fails ——— myocardium cannot 


right ventricle ventricular hypertrophy adjust to afterload 
and ditatation 
pressure travels 
right ventricular interventricular septum back to right atrium 
heave is displaced into & right ventricular 
left ventricle output 
Y 
increases: 
leads to congestion — — , jugular venous distention (JVD) 
hypertrophy of systemic vasculature + peripheral edema 
distorts valvular & blood 
architecture delivered to the left ventricle 
+ affects 
atati portal system 
tricuspid insufficiency M m 
pulmonary insufficiency Lm TR x hafinssotfDredth 


1) cardiac output 


| 


rate of onset determines 
acute or chronic 


clinical presentation + 
£ * hepatosplenomegaly 
most common causes are * hepatojugular reflex 
pulmonary embolism and ARDS " ascites 
* jaundice 
a š * nausea 
acute chronic * anorexia 


| | 
in," CXR: 


* enlarged pulmonary arteries 
* RV hypertrophy 


echocardiogram: 

* shows RV pressure overload 
* q thickness of RV 

* septal bulge into LV 


EKG abnormalities: 
* RVH 

* RV strain 

* right axis deviation 


risk factors: 

* smoking (most common) 

* passive smoking 

* occupational exposures 

* respiratory infections 

* air pollution 

* genetics (ex. ox 1 anti-trypsin deficiency) 


leads to a chronic 


CHRONIC OBSTRUCTIVE PULMONARY DISEASE. €D 


inflammatory response 


a 


recruitment 

and activation 

of macrophages 

in the lungs 
macrophages 


accumulate 


in lung parenchyma release: 


i 


activation 
of lung 
epithelial 
cells 


* neutrophil chemotactic factors 


. *IL8 
phagocytize | * LTB, 
irritants * TNF-o. 
become 
reservoirs neutrophils arrive > proteinase / antiproteinase 
for released and release imbalance leads to 
proteases proteases 4 proteinase 
activity 
4 breaks down 
long lifespan connective 
of macrophages enables them tissue 


to release proteases and exacerbates 
long-term tissue damage 


(especially elastin) 


Y 
in combination with impaired repair 
mechanisms leads to 


Y 
irreversible 


———— PáÀ 
destruction of lung parenchyma 


11 surface area 
for gas exchange 


VIQ mismatch = 
perfusion without 
ventilation 


! 


hypoxia 


N 


right-sided stimulates erythropoietin 
heart failure release from kidneys 
(see CHF map) 


polycythemia 


fibrosis 


Y 

destruction of 

alveolar walls — _ 
and loss of alveolar ——— enlargement = 
tethering emphysema 


loss of elastic recoil 
causes premature 
expiratory collapse 


of airways 
barrel , __ leads to air trapping 
chest and hyperinflation 
of lungs 


\ 


CO; retention 
causes respiratory 
acidosis with 
compensatory 
metabolic alkaiosis 
(see maps) 


smooth 
muscle cell 
hypertrophy 


small airway 


inflammation e i NN 
— chronic 


destruction of 
ciliated MESS 
pseudostratified DELHI Sa 
columnar -" 
i wi J ciliary ——— mucus production 
function 
leading to 
replaced mucus 
with SUHanIpUS accumulation 
metaplasia 
narrowed 
airways 
become 
obstructed 
chronic 
productive 
luminal cough with 
narrowing sputum occurs 


for 3 months during 
1 year for at least 2 years 


chronic bronchitis 


$ airflow 
characterized by; 
* g FEV1 
* o FVC 
f + 0 FEVIFVC 
irreversible or progressive abnormal 
partially ^ —— dyspnea — pulmonary 
irreversible function 
airflow tests reflect 


limitation ` 
f? air trapping 
characterized by: 
* ¢ residual volume 


* ¢ total lung capacity 


chronic 
obstructive 
pulmonary 
disease 


inflammatory 


potential triggers: 
* exercise 

* air pollution 

* viral infection 
* aspirin 


— allergen attaches to — 
antigen presenting cell 
(mainly dendritic cell) 


upon 1st exposure: 
APC travels 


to lymph node 


t 
presents 
antigen to both 


Y 
CD4 T cells 


Y 
T cells differentiate 
down the Th2 pathway (see map) 


Y 
Th2 cytokines IL-5 recruits 
released eosinophils 


from bone marrow 


| 


eosinophils 
travel to lungs 


: 


eosinophils secrete: 

* major basic protein 

* proteolytic enzymes 
* lipid mediators 

* oxygen metabolites 


other leukocytes contribute * more eytakine 


including: 
* neutrophils 


— B cells 


B cells activation occurs via: 
* IL-4 and IL-13 
* by binding to T cell 


leads to synthesis 
of IgE 


IgE enters circulation 
and binds mast cells — 
in lung mucosa/submucosa 


2nd exposure 


to same 
allergen occurs 


allergen binds 
IgE on mast cell 


IgE cross-links and 
activates mast cell 


I 


release of preformed 
mediators: 

* histamine 

* leukotrienes 

* more cytokines including IL-5 


4p airway permeability 


allows more antigen 
into lung parenchyma 


* monocytes | i 2 | 
. lymphocytes acute early stimulates 
* basophils late phase response = response vagal receptors 
4 to 6 hours after early — acute early phase response starts within minutas 
response can 
| lead to | contributes 
characterized to bronchoconstriction 
characterized by: by: "d 
airway inflammation * bronchoconstriction 
¢ bronchial hyperresponsiveness edema 
* mucus secretion 
lead to 
reversible 
airway obstruction 
clinical manifestations 
of asthma repeated attacks lead 
to chronic asthma 
/ hypoxemia : characterized by 
wheeze lung function tests VIQ mismatching — leading to airway remodeling = 
cough show: hyperventilation thickening of small and 
chest tightness * g FEV! large airways 
dyspnea * & FEVI/FVC 
| respiratory alkalosis due to: 
(see map) * goblet cell hyperplasia/hypertrophy 
= | * collagen deposition and subepithelial fibrosis 
4t residual à ; 
PRI. Na tt continued Sn a 
respiratory distress 
leads to alveolar i 
pubs hypoventilation and causes nonreversible 
paradoxus respiratory acidosis airway obstruction 
(see map) 


| 


aka status asthmaticus 


DEEP VEIN THROMBOSIS AND PULMONARY EMBOLISM <> 


local trauma hypercoagulability venous 
to vessel stasis 


Bow ' "al 
Virchow's 


triad 


Y 
contributes to the 
development 

of a thrombus 


Y 
thrombus begins 
in areas of flow 
turbulence 


Y 
platelets release mediators 
aggregate * serotonin 


pe * thromboxane A2 


initiates coagulation 
cascade (see map) 


I 


formation of thrombus = funtharaih=ami 
blood clot still attached —= [Tom nere thrombus 
| to wall of vessel si T aro a 
most commonly in | iore. aN 


' 
| 
l 
x 
i 
i 


deep veins of legs: resolve or keep embolize or — enters vena — into right side of 
* iliac veins . partially resolve extending break off cava heart | 
* femoral veins into circulation 


* popliteal veins once embolus enters pulmonary 


artery = pulmonary embolism (PE) 


extremity is: 

*red PE becomes trapped 

* swollen within pulmonary vascular tree 
* warm 


embolus reduces or completely blocks __, sudden death 
blood flow to a portion of the lung can occur 


changes in blood f; pulmonary $ pulmonary pressures work back 


hypoperfusion ——— 


flow and ventilation arterial pressure vascular resistance into pulmonary capillaries 
n healthy lung compensates | Y | 
surfactant production by becoming — embolism blocks blood flow ? right pulmonary 
by alveolar type 2 cells overperfused while to affected area causing ventricular pressures infarction 
pon " D perfusion while 

Y continues normally = iati i = Á 
alveolar collapse - low V/Q ratio etait normally v Herre 
atelectasis * pleural rub 

* pleuritic chest pain 
but overperfused lung * Hampton's hump on CXR 

Y segments cannot this creates 

pulmonary edema adequately oxygenate alveolar dead space Y 
à all this blood acute 
creates venous admixture | cor pulmonale right ventricular 

T causing right to left shunt as — glrain 
arepa biood travels from the hypoxia hypercarbia (see map) 
of tow V/Q right to left side of heart without | | 

being adequately oxygenated VIQ mismatch ` By possit Roe EKG shows: 
| severe hypercarbia as compensatory mechanisms ` s Waya Uu lead | 
— — — i A-a gradient can progress to fail leading to right-sided * Q wave in lead Il 


respiratory acidosis dilatation * inverted T wave in 
" (see map) lead III 
hypoxemia = | 


impaired gas exchange 

& cardiac output 
chemoreceptors detect hypoxia 
and hypercarbia 


* tachycardia 
{t minute volume or tachypnea + acute murmur of tricuspid regurgitation 
results as a compensatory mechanism * right-sided heart failure 

* hypoxia 


respiratory alkalosis 
(see map) 


insult 
to lung occurs as 


T nw 


direct injury: 

* pneumonia (see map) 
* aspiration 

* lung trauma 

* smoke inhalation 

* near drowning 


indirect injury: 

* sepsis (see map) 

* multiple blood transfusions 

* hypovolemic shock 

* reperfusion injury 

* acute pancreatitis (see map) 


note: these are non-cardiogenic causes 


which can be identified by normal pulmonary capillary wedge pressure 


| 


leads to diffuse alveolar damage 
consisting of a 3-phase response 


P ad initiates vicious cycle 


release proinflammatory 
mediators and exacerbates 


lung injury 


accumulation of 


1st phase = exudative phase — — — — — — — >» neutrophils in lung 


which includes injury to both 
epithelium and endothelium 


| 


bronchial and 
epithelial cells 
slough off causing 
(y permeability 


protein rich 
fluid floods both 


alveoli and interstitium —» 


= pulmonary edema 


' 


inactivates 
surfactant leading 
to atelectasis 


: 


leads to: 

* intrapulmonary shunting 
* dead space ventilation 

* loss of lung compliance 
* V/Q mismatch 


I 


refractory hypoxemia 


— 


initially respiratory alkalosis 
occurs (see map) 


' 


* ¢ dead space ventilation 
* @ work of breathing 
* hypercarbia 


abnormal 
blood gases and ~— 
g PaO;/FIO» ratio 


then respiratory 
acidosis forms 
(see map) 


can lead to respiratory failure 
despite supplemental oxygen 


parenchyma 


signs and symptoms: 
* inspiratory crackles 
* tachypnea 

* tachycardia 

* dyspnea 


chest x-ray shows bilateral pulmonary 
infiltrates which are indistinguishable from 
cardiogenic pulmonary edema 


development of 
hyaline membranes 


` 


provides structural 
framework for future fibrosis to 
develop 


acute respiratory distress syndrome (ARDS) 
defined by: 

* impaired oxygenation 

* bilateral pulmonary infiltrates 

* normal pulmonary wedge pressure 

* non-cardiogenic etiology 


| 


1 of 3 clinical outcomes — 
if injury is severe 


atthis point of ARDS enough progress to 
PES Mete 2nd phase = 

| fibroproliferative phase 
death = resolution 
33 to 50% of (see 3rd phase) 


ail ARDS deaths 
occur during this 
phase 


—- 


ACUTE RESPIRATORY DISTRESS SYNDROME QED 


death usually associated 
with concomitant 

Z multiple organ dysfunction syndrome 
(see sepsis map) 


` 


continue on to 3rd phase = 
resolution phase occurs 
as hypoxia resolves 


' 


long-term sequelae: 
* microfibrosis 
«residual pulmonary function 
abnormalities including 
* low diffusing capacity 
* impaired oxygen exchange 
* restrictive or obstructive disease 


1 of 2 clinical 
outcomes at this 
point of ARDS 
process 


continued injury 

to lung parenchyma 

characterized by: 

* persistent hypoxemia 

* 4 dead space 

* 4* loss of lung compliance 

* pulmonary hypertension 

* development of pulmonary fibrosis 


AE" 


chest x-ray shows COfpulmonale or 

evolving fibrosis right-sided heart 
failure can result 
(see maps) 


bacteria, virus, fungi 
can cause infection of the lung 


2 major categories based on 


Ps where infection is acquired lw 


community acquired nosocomial pneumonia = 
pneumonia = pneumonia acquired in a hospital or 
pneumonia in a patient institutional setting 


living in the community 


microorganism must overcome multiple pulmonary defense mechanisms 
within immune competent host to establish infection within lungs 
including: 

* mucociliary transport 

* cough reflex 


* lower airway immune cells and components such as alveolar macrophages, neutrophils, complement, and antibodies 


microorganism is able to 
replicate and overwhelm host 
defenses - pneumonia 


intra-alveolar exudates 


develop 
causes signs and symptoms of: 
* pleurisy 
inflammation develops and * chest pain 
spreads around the — — ——— —— ——* effusions 
alveoli into pleura and * empyema 
interstitium * feverichills 
* cough 
* hemoptysis 
chest x-ray displays on physical exam: 
lobar or interstitial patterns depending < — — — — —_ consolidation ge” crackles 
upon infecting agent * wheeze 
* pleural rub 
impaired oxygenation 
leads to shortness 
of breath and ç 
respiratory rate 
V/Q mismatch 


and intrapulmonary shunting 


complications can include: 

* abscess 

* empyema 

* acute respiratory distress syndrome (see map) 
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2 possible abnormalities 
related to uric acid 
metabolism thought to lead 


to gout [  — degradation of purines 


xanthine ~ hypoxanthine <———ə Sune WE pur ine 
nucleosides nucleotides 


uric acid 
causes include: 
* malignancy ~— overproduction underexcretion 
* chronic renal insufficiency of uric acid of uric acid 
* Lesch-Nyhan 
supersaturation monosodium urate : 
hyperuricemia = " m (rats d crystallizes asymptomatic 
> 6.8 mg/dL estie liek out within joints microtophi 
spaces and soft tissues 
asymptomatic trauma negative 
hyperuricemia low temperature birefringent 
alcohol Ñ crystals 
overeating 
fasting 
acute flare 
occurs when 
crystals are 
phagocytized 
causes release IL-1 * pain 
of inflammatory —— IL-6 —— ° fever 
mediators IL-8 * leukocytosis 
activates mast cells 
flare eventually and endothelium 
resolves 
by itself 
* synovitis 
* podagra 
but if uric acid * mono or oligoarthritis 
level remains 
high then deposition 
of crystals continues = 


intercritical segments 


renal tubular 


followed by if untreated crystals impair gouty 
more acute flares uncontrolled hyperuricemia renal function nephropathy nephropathy 
leads to advanced (chronic) gout 
nephrolithiasis 
| (see map) 


chronic arthritis 


interosseous tophi 
and 
joint space narrowing 


in response to 

injury "within" blood 

vessels: 

* damaged vessel endothelium 
* damaged platelets 


intrinsic 
pathway 


begins by the creation 
of a complex on vascular 
subendothelium between: 


factor XII (aka Hageman factor) 
high molecular weight kininogen (HMWK) 


prekallikrein 


| deficiency of : 
: factor r 


s= a| 


both forms are clinically indistinguishable 


Y 
intrinsic pathway 
of coagulation is affected 


Y 
both hemophilias share common labs: 
* @ aPTT 


* normal PT (measures the extrinsic pathway) 


* normal bleeding time 
* normal platelet count 


/ 


must do factor- 
Specific assay to 
distinguish Hemophilia A from 
Hemophilia B 


ee 


this complex 
activates 
factor XII to Xlla 


factor XIla activates: 


factor XI to Xla 


> factor Xla activates 
factor IX to IXa 


IXa becomes a 
part of a new complex 
including: 
X-linked recessive IXa this complex 
deficiency of factor VIII= =-=- -*VIlla activates ——> 
hemophilia A I X Xto Xa 
variations in degree of 
deficiency determines 
Clinical severity 


inability to clot effectively produces 
clinical symptoms: 

* bruising 

* bleeding into soft tissues and muscles 

* hemarthrosis 

* massive bleeding with trauma or surgery 
* no petechiae 


HEMOPHILIAS A & 5. ED 


Xa initiates the 
common pathway 


by forming a complex 
between: 
Xa 
Va = complex 
ici cleaves 
UEN prothrombin into thrombin 
thrombin 
em amplifies 
the coagulation 
main role is cascade by 
to convert activating factors: 
fibrinogen to IN 
fibrin * VIII 
“XI 
| * XIII 
fibrin is cross-linked 
by factor Xilla 
stimulates 
platelet aggregation 


and granule secretion 


: (see hemostasis map) 
permanent clot is 


formed as fibrin 
combines with 
platelet 
aggregates 


etiologies are disorders associated with 

inflammatory activation: 

* trauma 

* sepsis (see map) 

* pancreatitis (see map) 

* obstetrical complications 

* malignancy (see myeloid and 
lymphoid leukemia maps) 

* transfusion reactions 

* transplant rejection 


DISSEMINATED INTRAVASCULAR COAGULATION QD 


proinflammatory cytokines 
trigger release 

of tissue factor and 

other thrombogenic 
substances 


activates primarily 
extrinsic coagulation 
cascade (see coagulation cascade map) 


excessive formation 
of thrombin 


Y ant sN exacerbated by 


high thrombin levels lead defective 
to excessive formation of fibrin anticoagulation 


CAS mechanisms 


Y 
hypoxia and tissue injury 


Y 


multiple organ dysfunction syndrome (MODS) 
or multiple organ failure (MOF) 


dysfunction occurs 


— atalllevels of thrombin ——+ 


regulation 


$% levels of 
plasminogen activator 
inhibitor type 1 (PAI-1) 


— 


prevents conversion of 
plasminogen to plasmin 


¢ in secondary fibrinolysis 


Y 
thrombotic phase - exacerbated by 
fibrin deposition widespread defective 
but unevenly within: fibrinolysis 
* brain mechanisms 
* heart SX. 

* lungs 

* kidneys 
* adrenals 
* spleen 

* liver 

Y 
occlude small 
and midsize 

_ l arteries 9 labs in: 
red blood cells are fibrin degradation products 
fragmented as they pass D-dimer levels 
through thrombi within the Y 
microcirculation causes infarction of 
"m di | multiple sites within body 

see schistocytes on causes a 

blood smear microangiopathic 
hemolytic anemia 


attempts to counteract 
hypercoagulable state by inhibiting: 
* platelet aggregation 

* fibrin polymerization 


antithrombin levels 

are g by: 

* consumption by continuously 
activated coagulation cascade 

* degraded by activated 
neutrophils 

* impaired synthesis by liver 

* extravascular leakage 


activated protein C levels 

are n by: 

* consumption by continuously 
activated coagulation cascade 

* impaired synthesis by liver 

* extravascular leakage 

* high TNF alpha downregulates 
thrombomodulin (and thereby 
protein C activation) 

* low levels of protein S 


tissue factor pathway 
inhibitor levels are 5 


consumes platelets 
and clotting factors 


4 


& in platelets = 
thrombocytopenia 


| 


* elevated PT and aPTT 
* 3 fibrinogen 


Y 
bleeding 
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Hemoglobin A 
(adult hemoglobin) 
is composed of: 

* 2 o: chains 

* 2 B chains 


if 1 out of 4 a 
globin genes is 
defective or absent 


Y 
silent carrier 
{œ thalassemia-2 trai 


Y 
asymptomatic with 
normal CBC 


a globin chains are 
produced under the 
direction of 4 

c globin genes 


genetic mutations result in 


abnormal globin chain synthesis 


defective hemoglobin 


synthesis causing a hypochromic 
anemia = alpha thalassemia 


mutations can affect between 1 to all 


if 2 out of 4 ot 


Y 


4 a globin genes 


globin genes are 
defective or absent 


t) 


Y 


o thalassemia minor 
(aka ox thalassemia-1 trait) 


if 3 out of 4 œ 
globin genes are 
defective or absent 


| 


hemoglobin H disease 


Y 
mild hypochromic 
microcytic 
anemia 


| 


moderate to severe 


disease 


% Total hemoglobin 


symptomatic in utero as œ chains needed for HbF 


. allows unpaired ineffective 
anemia can resemble B globin chains erythropoiesis 
p thalassemia to accumulate 
minor (see map) | 
B globin chains lens. 
form a tetramer Some bone , 
- HbH marrow hyperplasia 
HbH precipitates and 


forms Heinz bodies 


| 


abnormal red blood cells 
are sequestered by spleen 


| 


splenomegaly 


| 


hemolytic 
anemia 


oO 
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A 
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8 MINNIE ON E E caue ences 


12 18 24 30 36 42 48 
Postnatal age 
(in weeks) 


6 12 18 24 3036 1 6 
Gestational age 
(in weeks) 


Hemoglobin production timeline 


if 4 out of 4 œ 
globin genes 
are defective or 
absent 


| 


hydrops fetalis 
(aka Barts hemoglobin or 
œ thalassemia major) 


| 


complete absence of 
œ globin chains 
allows delta globin chains 


some variants to accumulate 


have bony | 
deformities 
ee! mas. Hi Batshashgh 
Hb Barts affinity for oxygen 


| 


does not release 
oxygen to fetal tissues 


death in utero due to: 

* hypoxia 

* hydrops fetalis (edema) 
* CHF 


Hemoglobin A (adult hemoglobin) 


is composed of: 
*2a chains 
*2 p chains 


one B globin 
gene affected 


Y 


P thalassemia minor 
(aka B thalassemia trait) 


Y 


single B globin gene 
produces all B globin chains 


Y 


but less than normal amount of B globin 
chains available for hemoglobin synthesis 


Y 


B globin chains are 
produced 

under the direction of 2 
P globin genes 


defective B globin chain 
production causes a hypochromic 
anemia = B thalassemia 


| 


| 


multiple possible 
genetic mutations results in 
abnormal B globin chain synthesis 


| 


mutations can affect 
1 or both B genes 


both B globin 
genes affected 


t 


Y 
one of two affected B globin genes is 


only "mildly" mutated 


Y 
$ but not totally 
absent B globin 

chain production 


usually asymptomatic with | 


mild microcytic anemia 


B thalassemia intermedia 


(aka Cooley's al 


| 


both B globin genes 
are severely affected by 


mutation 


| 


50 
40 
= 
-Q 
2 
2 30 
£ 
co 
= 
s 20 
© 
83: 40 
6 12 18 24 30 36 1 6 12 18 24 30 36 42 48 
Gestational age Postnatal age 
(in weeks) (in weeks) 
Hemoglobin production timeline 
= 


B thalassemia major 


nemia) 


most severe form of 
disease requiring 
lifelong transfusions 


leads to heterogeneous 


clinica! presentation due to 
wide variety of mutations 


| 


inadequate levels of B globin chains for normal hemoglobin 
synthesis contributes to the œ : B globin chain imbalance 


| 


excess of normal 


both types of mutation and degree of this imbalance determine clinica! phenotype 


| 


clinical onset begins at 3 to 6 months 
when fetal hemoglobin production stops 
and no longer masks abnormality 


Y 


Y 


while œ globin chains 
production continues normally 


o globin chains 
relative to abnormal or absent B chains 


—- 


deformed red blood 
cells are sequestered in 
spleen = 
splenomegaly 


abnormal 

blood smear shows: 
* inclusions bodies 

* target cells 

* bizarre cells 


g HbA some a chains unpaired œ chains form intraceliular 
production = = * cannot find B chains precipitates which accumulate as inclusion bodies 
moderate to severe to pair up with 
anemia 

i inclusion bodies cause 
B oxygen oxidative damage to RBC 
carrying capacity membrane Ne 
hypoxia stimulates ineffective "d intravascular 
erythropoiesis in both erythropoiesis hemolysis 
bone marrow and J 
extramedullary sites V 
such as liver and spleen microcytic 

i hypochromic 
bone marrow expansion stimulates q temahe 
causes iron absorption anemia 
* fractures (especially long bones) 
* frontal bossing hemochromatosis 
* maxillary marrow hyperplasia (chipmunk facies) (see map) 


* anisocytosis 


normal 
erythropoiesis initiated when 
kidney detects 
low oxygen levels 
in the blood 


Y 
kidney releases 
erythropoietin 
to bone marrow 


Z 


Y 
erythropoiesis 


1 
mature red 
blood cells 
released into 
circulation 


red blood cells 
tast 120 days 


Y 
old and dead red 
blood cells are 
phagocytosed by 
the reticuloendothelial 
System 


Y 
components of 
RBC are recycled 


acute phase protein 


inflammatory cytokine 
JR IL-1 n EPO 


& production of levels 


erythropoietin 
(EPO) 


`. inflammatory cytokine 

*^  TNF-o. decreases 

ability of erythroid precursors 
response to EPO 


tumor invasion 
or infection of bone 


impaired E 
erythropoiesis | s. 
% numbers of erythroid 


marrow 0 
^ progenitor cells 


* toxins or cytokines 
produce a cytotoxic 
effect upon erythroid 

progenitor cells 


toxins or inflammatory 
cytokines produce 

a direct cytotoxic effect 

` upon mature erylhrocytes 


Ë inflammatory cytokines 
cause an $ 
In erythrophagocytosis 


activation of immune system by chronic disease, infection, malignancy, immune disorders, renal disease leads to abnormal erythropoiesis and RBC lifespan on 4 major levels 


reflected in mild 
4. in hemoglobin 
and hematocrit 


i m blood smear shows 


normocytic 
normochromic 
RBCs 


lab iron studies show: 

* low serum iron 

* normal or low transferrin 

* normal or $ ferritin 

* low reticulocyte count 

* normal iron stores in bone marrow 
* normal or low TIBC 


leading to 


iro i anemia of 


chronic disease 


ANEMIA OF CHRONIC DISEASE MEE 


hepeidin serum iron 
iron is absorbed by 4 released with s levels 
GI tract and ; inflammation 
transferred a prevents iron 
to bone marrow ; delivery to 
SI ; bone marrow 
abnormal H "— on ft iron uptake g transferrin 
iron m AME MU i E 2 — —— by reticuloendothelial —— —»- saturation 
homeostasis cytokines system (RES) 
ferritin ; 
it % translation of ferritin levels this lab value 


— helps to rule out 


within macrophages —— —*- 
iron deficiency 


and hepatocytes 


marker for 
iron storage 
levels 


% reticulocyte 
count = marker for 
gp bone marrow 
activity 


iron body stores 


| 


serve 2 major roles 
in the human body: 


* binding site for oxygen within hemoglobin 
* electron transfer in redox reactions | 


these functions depend 
" m upon iron homeostasis 
$ dietary intake: -_ $ 
* vegetarians kus. - | 
* elderly = 7774 iron balance begins no physiologic mechanism can only occur 
El Ef with intestinal absorption for excreting iron 1 of 2 ways: 
£ physiologic requirements: -- ^ = a ot | * blood loss 
* pregnancy s n * exfoliation of skin and mucosal cells 
* infants / kids / teens a| S | iron absorbed by enterocytes 
"i 2 has 1 of 2 fates 
3 intestinal absorption: “ “ 48 n 
B e. ca eo 
` celiac disease ; s |g 2. most iron is utilized for red 
* surgical resection y blood cell production 


5 stomach acidity we 1. some iron stored as ferritin Y 


within hepatocytes and macrophages of sent to plasma 
the reticuloendothelial system (RES) bound to transferrin 


majority of plasma 
bound iron is delivered 
to bone marrow 


erythropoiesis occurs 


iron containing hemoglobin 
found within circulating red blood cells (RBC) 


| 


once 120 day lifespan of RBC RES macrophages phagocytize 
blood loss: is over = senescence senescent RBCs 
* menstruation 


megnar a ; ; 3 recover and recycle 
* hemolytic anemias ---------- loss of iron prevents recycling from occurring |- - -- - -- -- -------------------- d m 


* hookworm 
* hemoglobinuria 
* hemorrhage 


& iron/TIBC ratio $ TIBC as abnormalities with either 


(aka transferrin saturation) ~ less iron available to fill storage or recycling cause 
binding sites on transferrin iron depletion 


& iron stores = Y 


Q ferritin *— — g inserumiron 


M 
$ RDW initially as — Pron restricted erythropoiesis 
large young RBCs mix 


with microcytic / normocytic RBCs 


g reticulocyte count + 


iron deficiency anemia = 3. hemoglobin 


"d clinical presentation: 
stimulates * & growth and learning in children 


erythropoietin blood smear = 5 MCV “fatigue 
} MSO ; 1 MCHC * shortness of breath 
liypoehtomie * weakness 


$ erythropoietin * palpitations 


m * angina or MI in patients with. 
progenitor cells to increase preexisting coronary artery disease 
RBC production à pallor of mucosal membranes 
* glossitis 
* angular stomatitis 
but production fails because * esophageal webbing 


there is no iron * koilonychia 


VITAMIN B12 DEFICIENCY ED 


normal vitamin B12 (cobalamin) metabolism 


Y 
begins with ingestion of vitamin B12 diet-related issues which 
prevent adequate ingestion of 
a ENPE eet vamo BIA hea ife 
* vegetarians / vegans SS 
* tapeworm infection "i. 
Y "ag 
vitamin B12 is removed from * 
food via pepsin in the stomach s 
vitamin B12 is unable to be N 
` hematologic effects due to inability to 


released from food due to: 


convert homocysteine to methionine: 


amen ears AMBAE * defective pepsin secretion 
* achlorhydia N. \ ! 
i E \ * pancytopenia 
B12 combines with B ' * macrocytic anemia 
cobalophilins Y 
Y A 3 

pancreatic proteases break ` : . 

down the B12 cobalophilin vf neurologic effects due to 
E ineffective myelination: 
i! * dementia 
* delirium 


complex 
----* vitamin B12 deficiency ———+ , myelopathy 
* gait dysfunction 


* paresthesias 


defective exocrine pancreatic function prevents 


vitamin B12 from being released from cobalophilin 


B12 then combines with 
intrinsic factor secreted by F 
gastric parietal cells unavailable intrinsic factor due to: x | other effects: 
1 pue ‘gastrectomy l... gt 3 g * glossitis 
* pernicious anemia (autoimmune destruction of à 4 
parietal cells) "a ' 
B12-intrinsic factor d ' 
complex is absorbed by Ed d 
ileal enterocytes P ' "d f 
unavailable intrinsic factor receptors Ki à 
due to: a ; 
“kabuuan queue silealresection =f š I 
y * ileal disease i 
B12 then combines : 
with transcobalamin II i 
and is transported into plasma ; 
t E 
B12 is delivered Z 
primarily to liver high demands for vitamin B42 deplete x 
and bone marrow normal supplies due to: J 
* illness S 
" ib *hyperthyroidism (see map) ^ |----..--.. a 
* malignancy 
Y * chronic disease 


vitamin B12 supports * pregnancy 


DNA synthesis for cell proliferation 


$ hepcidin = 
& iron absorption 
and release 


plasma 

iron pool 

supplied by 

2 routes of acquisition 
tightly controlled Z 
by hepcidin = 1. intestinal 


hormone made by absorption 


liver | 


negative regulator 
> of intestinal iron absorption 
1) in hepcidin = and iron release by 


@ iron absorption 
and release 


RES macrophages 
iron absorbed by 
enterocytes 
has 1 of 2 fates 


we 


some iron stored as 
ferritin within 

hepatocytes | 
and macrophages 


sent to plasma 


most of plasma 
iron is delivered 
to bone marrow 
for erythropoiesis 


iron is incorporated 


bound to transferrin 


into new erythrocytes 


| 


red blood cells 
die after 120 days 


1 TIBC 1t % saturation 


2. RBC recycling 
by reticuloendothelial 
macrophages 
| „< HFE gene mutation 


supplies majority 
of plasma iron pool 


most common cause of 


1? hemochromatosis 


"expanded" plasma iron pool 
can be acquired via: 
Ld * transfusion overload 


as more iron fills binding sites —— of transferrin as excess iron a ania 92 hemochromatosis. | — ~~ *hemolytic anemias 
a j 
° ee ae=- * thalassemias (see map) 


on transferrin must be bound within plasma hemochromatosis 


$ ferritin as 
excess iron is put into 
intracellular storage form 


skin: 
* @ pigmentation 
causes bronzing 


cardiac: 
* restrictive cardiomyopathy 
* arrhythmias 

* CHF (see map) 


classic triad of hemachromatosis 7 cirrhosis, bronzed skin, diabetes mellitus 


* chronic liver disease 


excess iron is deposited 
as hemosiderin into tissues 


| 


causes organ damage 


immune: 
. ioints: * ¢ risk of infection with 
endocrine: Join listeria, klebsiella and 


* hypogonadism * arthralgias yibio 
liver: * impotence 
* hepatomegaly * amenorrhea 
* hepatic dysfunction * gynecomastia 


* cirrhosis (see map) * diabetes mellitus (see map) 


myeloid cell 
lineage begins defect along here : 
with —————————— e canlead myeloid 
pluripotent to aplastic anemia BENT Cell 
hematopoietic 
stem cells 


essential 
thrombocytosis 


| 


abnormally 
large platelets 


thrombotic 
or 
hemorrhagic 
crisis 


MYELOID LYMPHOMAS AND LEUKEMIAS <> 


MP = myeloproliferative 


— 
trilineage 
myelodysplasias 
can progress to 
Y 
megakaryocytes erythroid myeloid Fi 
MP Me / e| MP | 
€ monoblast —e M4 _ myeloblast —» MO AML 
myeloid acute megakaryocytic polycythemia M6 AML AML " M1 AML 
metaplasia leukemia =  — vera M2 AML 
with M7 AML promonocyte 
myelosclerosis | | i 
0 blood volume M5 AML promyelocyte ——»M3 AML 
and viscosity 
splenomegaly 
due to Y t(15;17) 
extramedullary | 1 
hematopoiesis eads to: | 
E tains lead t 
+ pruritus Ux a | -— o 
+ infarctions 1 x md 
* organ congestion myelocyte auer roas (see map) 
* DVTs (see map) 
* HTN (see map) 
hypercellular { 
bone marrow granulocyte 
| precursors 
can go to 
"spent phase" 
Y Y 
eosinophilic basophilic neutrophilic M2 AML: 
leukemic includes 
transformation uid full range of 
Y myeloid 
T chronic precursors through 
myelofibrosis myelogenous granulocytes 
leukemia 
' (CML) | 
dry bone tap auer rods 
t t 
Philadelphia t(8;12) 
chromosome 
(9:22) 
Y 
bcr-abl 
fusion gene 
M 
11 LAP score 
* 
can go 
to blast 


crisis 


LYMPHOID LYMPHOMAS AND LEUKEMIAS QED 


lymphoid cell 
n lineage begins 
travel to lymphoid s 
thymus * cells aem win 
pluripotent 
hematopoietic 
D travel to bone stem cells 
pre-T cell T 
common 
Tcell lymphoid 
immunoblast precursor 
helper pre-B 
T sel lymphoblast 
” " . | acute 
adult T cell mycosis EPSE EN lymphoblastic 
leukemia fungoides > B cell leukemia 
| y (ALL) 
cel CD25 indolent vo EN 
markers |. CD4 course lymphocytic leukemia 
| es arrives most are pre-B cells 
HTLV-1 fas lymphocytic leukemia pss moat Spee 
provirus found eee + T cell ALL 
in tumor iras * Bcell ALL 
cells | if abnormal cells if abnormal cells $e 
progresses found in found in 
lymph nodes blood first = called lg rearrangement occurs 
‘cules first = called CLL š 9 
| SLL | : 
if malignancy smudge T 
reaches blood = CD19 call cells 
sezary syndrome = | markans 
„- mantle — germinal —————— — ————- marginal 
+< el center .-* zone | 
^ xil i gives 
mame 4 major SLE marginal rise to 
oe j ither 
diseases CLL zone eit 
lymphoma ara lymphoma 
| this stage of 
111:14 B cell development _ associated m 
PM Kd Y W with MALToma p ake 
| [ Non Hodgkin Lymphomas | Ue T i 
cel CD5 y i ` EC t t 
markers | CD19 diffuse follicular  Burkitts Hodgkin multiple r^ 
CD20 large lymphoma lymphoma lymphoma myeloma ce 
B celi | leukemia 
11418) "starry sky" | lytic TRAP + 
characterized by bone 
presence of lesions 
small 1814) Reed Sternberg cell 
cleaved i use 
cells malignant cells Ann 
spread continuously — Arbor 
via lymph nodes staging 
painless B symptoms: 
enlarged * night sweats 
lymph nodes * weight loss 
5 WHO subclassifications 
nodular lymphocytic mixed lymphocyte lymphocyte 
sclerosis predominant cellularity depleted rich 


normal lower esophageal sphincter (LES) 
anatomy allows for 

daily gastroesophageal reflux 

without causing injury 


* 
but dysfunctional defense 
mechanisms can lead to disease 


Y 
dysfunctional 
anti-reflux barrier 
due to either 


Y 
anatomic abnormality physiologic abnormality ————————»- most common mechanism 


that interferes with that interferes with 
esophogastric junction (EGJ) esophageal function 
Y 


GASTROESOPHAGEAL REFLUX DISEASE QED 


exacerbating factors include: 
* obesity 

* caffeine 

* chocolate 

* fatty foods 

* smoking 

* beta blockers 


ex. hiatal hernia LES hypotension transient 
| LES 
causes: Y relaxation 
* J in intraluminal pressure in EGJ can occur 
* g length of EGJ high pressure zone as either 
Y caused by 
$ resistance to gin 
reflux causes include: «—— strain induced free reflux proximal 
pregnancy stomach distension 
delayed gastric emptying | 
LES is fall in intraesophageal 
"blown open" pH without change in 
by sudden ¢ intraabdominal 
in intraabdominal pressure or 
pressure LES pressure 
— EGJ is more "compliant" : 
* opens at lower pressure 
* opens wider 
acid refluxes 
into distal 
esophagus 
T caused by: 
esophageal refluxate includes dysfunctional * 3 esophageal peristalsis 
pH monitoring «— gastric acids esophageal * impaired salivary function 
may or may not and pepsin acid clearance sixerasfennta 
be normal * scleroderma 
allows longer * achalasia 
Y exposure to 
disrupts tight refluxate 
junctions between 
epithelial cells dysfunctional 
' "tissue resistance" 


acid reaches allows injury to tissue 
intercellular space —» Cell edema and —» mucosal —» to occur during 
and acidifies cell death inflammation exposure to refluxate 
cytosol | 


no gross pathology but still has 
dilated intercellular spaces which 
allow the refluxate in 


| 


microscopic pathology 


accounts for presence of —» 
clinical manifestations of GERD 


GERD symptoms 


C 


nonerosive reflux disease (NERD) = 


could lead to 


erosive reflux disease: asua 4t risk of 

* esophagitis —— Barrett's epithelium = — esophageal 

* strictures melaplasia of normal adenocarcinoma 
* erosions squamous epithelium to 


columnar epithelium 


irritation can lead to 


ns 


typical: atypical: 

* heartburn * asthma 

* chest pain * cough 

* dysphagia * hoarseness 
* belching 


* sour taste in mouth 


“ULCERATIVE COLITIS €p 


unknown etiology: 

* genetics believed to play minor role 
* infection? 

* dietary allergy? 

* autoimmunity? 

* epithelial cells dysfunction? 

* smoking is protective! 


] f? plasma cells 
activation of humoral immune leads to — _ „ complement 
colonic mucosal response tt IgG synthesis fixation 
immune system | 
2 types i imme p- ANCA attacks colonic 
responses antibody is epithelium 
produced against 
unknown antigen 
cellular activation of inflammatory cytokines _ amplifies can lead to Jj 
— immune —. T cells, —— —- ate released including: + inflammatory —_ „ production of albumin = 
response neutrophils “IL-1 SSpS; hypoalbuminemia 
and macrophages * TNE-o of large intestines 
+ IL-6 
* leukotrienes 
' hiomporane " inflammatory cytokines 
* platelet activating factor leads to: 
I (tto oxide " * 4 collagen production 
* reactive oxygen metabolites wedeme 
* ischemia 
fever and 
acute phase 
response 
epithelial cell dysfunction 
occurs but it is 
unclear if itis a 1? 
abnormality or 2° 
to inflammation (or both) 
(t epithelial 
| permeability 
bloody diarrhea 
which can contain mucus 
and can occur 
nocturnally 
ee | tissue damage occurs in formation of pseudopolyps 
hyBakaləmia armia mucosa and submucosa and crypt abscesses 
(see map) | 
involves colon and rectum only MÀ ad A 
if damage extends past ileocecal valve 
| = backwash ileitis 
ulcerative 
rolitis toxic megacolon 


, due to damaged neural plexus 
extraintestinal 


manifestations 
include: hemorrhagic proctitis 
* primary sclerosing cholangitis leads to bright red rectal bleeding 
* fatty liver 
* pyoderma gangrenosum 
significantly poor anatomical compliance 
4 risk and loss of stool reservoir 


colon cancer lead to tenesmus 


predisposing factors: 

* genetics (NOD2 gene) 
* infection 

* NSAIDs 

* smoking 


| 


dysfunctional 
intestinal 
epithelium 


| 


impairs innate 
immune system 
of GI tract 


| 


CROHN'S DISEASE EE 


. : results in 
allows for frequent Low cst j^ ^ n overly aggressive 
and inappropriate exposure pre g ' —— TH1 response 
a (APC) via MHC class II (see map) 
to Seno molecule CD4 T cells play a 


activates ———— 
macrophages 


begins vicious cycle secretes 


more 
cytokines 


stimulates 
TH1 response 
further 


amplified and sustained 


major role in inflicting 
damage to intestinal tissue 


| | 


inflammatory cytokines are released: 


* IL-4 

* |L-12 ability of CD4 T cells to 

* IFN gamma resist apoptosis prolongs 
*TNF o: opportunity to do this damage 


| 


cytokines recruit 
inflammatory cells to 
intestinal mucosa including: 
* leukocytes 

* fibroblasts 

* monocytes 


inflammatory response 


Y 


excessive tissue injury —— — n chronic course of 


followed b' 
: leads to a mixed 


remission and TH1/TH2 pattern of 
flares inflammation 
leads to clinical 
presentation of 
Crohn's disease 
i skip lesions 
4 ASCA transmural inflammation p 
antibodies can occur anywhere between Md my leads to serosal cobblestoning of 
mouth to anus inflammation causing — — ” mucosa 
abdominal pain 
extraintestinal altered 
manifestations include: permeability 
* seronegative arthritis fistulas 
* ankylosing spondytitis loss of absorptive 
* erythema nodosum sli tags 
* aphthous ulcers * diarhea | 
* uveitis narrowed lumen leading 


to string sign on abdominal 


x-ray 


malabsorption of: 

* protein 

* oxylate causing kidney stone 

* calcium causing osteoporosis 

* iron, B12, folate causing anemia 
* bile salts causing diarrhea 


ileocolitis causes 
lower right quadrant pain 
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risk factors: 

* increased biliary secretion of cholesterol 
* female 

* obesity 

* estrogen 

* drugs 

* weight loss 


| 


bile in the 
gall bladder can 
become lithogenic via 2 mechanisms 


Y 
"ud Bunt gall bladder 


cholesterol cholesterol kept in 
becomes ——» solution by bile 
supersaturated acids and lecithin 


! 


composition of 
the bile acid pool high levels 
is key to keeping — of deoxycholate 


cholesterol in occur 
solution H 
higher cholesterol 
secretion 


I 


{ cholesterol -— 


saturation 
index > 1 


risk factors: 

* parenteral nutrition 
* oral contraceptive 
* pregnancy 

* Surgery 

* burns 


hypomotility occurs 


Y 
bile stasis and sludge formation 


Y 
allows more 
time for both 


"i 


faster nucleation 


time 
k." | 


cholesterol 


cCHOLELITHiASIS eM 


cholesterol 
most 
common 
mixed 


ss 


cholesterol ! eii 
pe — crystals cholelithiasis —- — 
precipitates out ^ "UCleation [es "UE 3 types black or brown 
Y 
most are 
asymptomatic 


Y 
symptoms arise if stone obstructs 
and inflames surrounding 
tissue 


M 
location determines 


common bile duct ~ 


if stone blocks secretion „intermittent obstruction 
of pancreatic enzymes = = choledocholithiasis 
pancreatitis (see map) | 


—- 


can be asymptomatic or 
look like biliary colic 


Charcot's triad: 
pain 
jaundice 
fever 


— 


of disease 


can lead to: 

bacterial superinfection 
bacteremia 

sepsis (see map) 


if bile stasis occurs —— 


bile backs up into 
liver and injures 


ductal tissue 
`< ie Lr Ñ 
* leukocytosis 


* ¢ bilirubin 


clinical manifesations ——» cystic duct 


Y 
intermittent obstruction 


impacted stone ° ® alkaline phosphatase 7 biliary colic 
can lead to Y 
cholangitis impacted stone án pain is: 
=acute —— — condition — 4, — — «sudden 
cholecystitis Can progress * severe 
* steady (not colicky!) 
pain is due | * temporary 
to inflammation «—— severe right upper quadrant * poorly localized 
pain > 6 hrs e right upper quadrant 
EN * exacerbated by eating 
watch out for perforation lu 
or gangrene 
other symptoms: leukocytosis pain is due to 
Ris bile stasis — , from inflammation a umeriana 
* vomiting can grow and! or infection spasm of duct 
* fever bacteria: 
* Murphy's sign | E. coli 


* Enterococcus 
* Klebsiella 
* B. Fragilis 


multiple chronic liver diseases: 
* alcoholic 

* posthepatic 
* biliary 

* cardiac 

* metabolic 


functional 
injury 7 cells impaired 


progressive damage 


————  oliver parenchyma 


becomes irreversible 


| 


damage is characterized 
by both 


structural 
injury = cells destroyed 


fibrosis 
replaces 
hepatocytes 
Pay followed by 
formation of 
"A regenerative 
eads to 2 nodules 
major types of | 
funcfional hepatorenal 
abnormalities cirrhosis = ien 
synthetic, .— — metabolic ! 4 
function function ares + vascular resistance ‘ 
z z 1) steroid clearance impedes blood flow o 
Vi II 
; leads to increased 
PRA $ gluconeogenesis | and renal 
= vitamin K dependent iani estrogen levels in th vasoconstriction 
dotting factors Í fr pressure Pung =— pora 4 
hypoglycemia liver sinusoids hypertension 
2.7.9, 10 TNCS exc 
{see coagulation rile | $ intravascular 
cascade map) * spider nevi volume 
Y * palmar erythema lack of valves in ^ 
| 1 albumin * testicular atrophy the hepatic vein 
bleeding production Y * gynecomastia allows blood to 
$ vitamin B12 ç i back up into the 
Y storage uu sema s Systemic circulation 
edema formation 
due to decreased | 
oncotic pressure 4) metabolization of toxins 
macrocytic (especially ammonia) ——— blood bypasses 
Y anemia er 
contributes to 
development 
of ascites 
leads to: 
* confusion 
* encephalopathy 
blood backs up wass 
into vessels that ~ 
connect to 
portal vein 
| splenomegaly 
varices: 
* gastroesophageal ascites = 
* hemorrhoidal : excess fluid 
sequestration j 
| of RBCs and did : the 
peritoneal space 
] platelets bam 
E E of | multiple mechanisms 
jematemesis " thought to be 
or melena ^r abdominal involved in formation 


hemolytic anemia 
thrombocytopenia (see map) 


sm of ascites including: 


* primary sodium retention 
shifting dullness 
on physical 
exam 


* arteriolar vasodilation 
* renal vasoconstriction 


tt risk of spontaneous 
bacterial peritonitis 


* decreased intravascular volume 


exposure to hepatitis B virus (HBV): 
* neonatal 

* occupational 

* blood 

* sexual contact 


HBV enters blood stream and reaches liver 


HBsAg is bound by 


hepatocyte surface receptors products of S 
replication E 
2 
"immune tolerant virus enters hepatocyte and become 2 
phase” replicates without damaging cell > detectable s 
(no immune during š 
response) incubation 2 
completed virions enter circulation phase Š 
and infect other hepatocytes 
viremia 
"i virion 
immune: APC degrades virion and 


—» taken up b 
response t presents to lymphocytes 


phase" antigen presenting 
cell (APC) 
CD6 T cells become sensitized 
to HBV antigens present on 

infected hepatocyte cell surface ee 
releases: | 
* AST cytotoxic T cells destroy 
"AIT 70 infected hepatocytes 


* bilirubin 
* alkaline phosphatase 


clinical signs of 


can be asymptomatic inflammation 


acute serology 


Hepatitis 8 TE 


high HBsAg 


HBV DNA 


antigen nonspecific inflammatory molecules released: 
+ TNF o 

* free radicals 

* proteases 


HBeAg indicates 
high infectivity 


HBV DNA 


| or more commonly symptomatic: 77 olliver= 

* jaundice acute hepatitis B anti-HBc IgM 

| * fatigue HBsAg 

: * hepatomegaly disappears use anti-HBc IgM 


extrahepatic manifestations: 
 athralgias 

* rashes 

* polyarteritis nodosa 

* membranoproliferative 


HBsAg _ > before anti-HBs —» to confirm acute 


is detected = infection 
window period 


if superinfection with 
hepatitis D occurs= 


continual destruction 
and regeneration of ~ ———— 


glomerulonephritis (see map) commonly due to liver parenchyma increases risk of chronic liver disease 
poor T cell risk of cirrhosis and fulminant hepatitis 
rarely progresses acute hepatitis response in and hepatocellular carcinoma 
to fulminant hepatitis followed by immunocompromised host: 
1 of 3 *HIV 
immune outcomes * neonates 
continually 
if virus cannot be - ce - 
cleared and replication 
continues for » 6 months anti-HBe 


occurs 


Y 
if HBsAg is 
totally cleared = 
“immune stage" 


A cx 
anti-HBs also positive with 
i hepatitis vaccine 
provides 
anti-HBe immunity 
anti-HBc may or 
may not be 


present 


then chronic hepatitis 


positive anti-HBc total 
HBsAg 


HBV DNA 
HBeAg 


"inactive carrier stage" = 
no injury or inflammation 
of hepatocytes but 

patient can suffer 

from acute flares 


exposure to hepatitis C virus (HCV): 


| *IV drug use 
E = blood transfusions 
* medical procedures 


symptoms include: 

e fatigue 

* nausea 

* jaundice 

* right upper quadrant pain 


diagnose with 
HCV viral 
genotyping 


characterized by: 
* NK cells * CD8 T cells 
* IFN * CD4 T cells 


* B cells 


leads to 1 of 2 clinical outcomes 


recovery occurs in 20% 
if immune response is 
Strong enough to 

clear virus from body 


anti-HCV antibodies 


7— — —— are formed to specific HCV 


type or clade 


immunity is type/clade specific and 
may not be lifelong ( lasts ~20 years) 


characterized by: 


HCV HCV enters circulation 
B canbe 10f6 —— and targets CD81 
; types or clades receptor on 
with numerous hepatocytes 
; subtypes / subclades | HCV enters 
while on cell hepatocytes via 
surface HCV LDL receptor- leads to production 
coats itself mediated endocytosis virus replicates via — of HCV RNA within 1-2 __ 
with LDL RNA dependent weeks after exposure ``. 
RNA polymerase k. 
lack of proofreading Š 
acute function leads to — 
T hepatitis creation of 
"quasispecies" 
"- : . a of HCV within 
majority of pts are hepatocyte destruction acute infection f singular infection 
asymptomatic but ——R causes release and ~—— elicits 2 types of immune responses 
symptoms may appear f in: which aim to kill virally infected hepatocytes 
210 25 weeks * AST | 
after infection * ALT 
* bilirubin innate immune response adaptive immune response anti-HCV antibody 


— ——À tests positive if 
an infection 
has occurred 
(acute or chronic) 


Y 


HCV "quasispecies" makes 


if HCV RNA is 
measurable in 
serum for » 6 months 


it difficult for immune system — ,* 


to clear viremia 


" " 4 ^ 
chronic hepatitis C infection occurs in 8076 
due to insufficient immune response 


"necroinflammation" 
of liver parenchyma 
maintained by 
lymphocyte infiltration 


leads to both 

hepatic and extrahepatic 

manifestations of disease 

hepatic extrahepatic 


manifestations 


T celis destroy both 
infected hepatocytes and 


4 . . bystander hepatocytes 
interaction between viral 


and host factors leads to 


7 activates stellate cells 
steatosis 


which in turn activate 
myofibrobiasts 
to produce fibrosis 


progression of fibrosis to 
compensated cirrhosis 
is accelerated by: 

* alcohol 

* HIV (see map) 


* coinfection with other types of hepatitis 


* diabetes (see maps) 
* obesity 
* (t age 


manifestations 


occur through. —— 
direct viral infection 

or deposition of 
immune complexes 


strongly associated with 

the development of: 

* cryoglobinemia 

* porphyria cutanea tarda 

* membranoproliferative GN 
(see glomerulonephritis map) 

* lichen planus 


cirrhosis 4 


— — — — risk of developing 


hepatocellular carcinoma 


decompensated 


cirrhosis leads to 
end-stage liver failure (see map) 


risk factors for developing 
liver disease concomitant with alcohol use: 
*HepC 
* genetics 
* malnutrition 
alcohol is 
primarily metabolized 
in the liver 


alcohol is hepatotoxic 


ALCOHOLIC HEPATITIS GUN 


directly indirectly 
damages leads to alcohol is metabolized i tt free fatty 
hepatocytes by altering oxidative stress to acetylaldehyde om ey acid synthesis 
their membranes 
fat accumulates 
incells= —» hepatomegaly 
fatty liver or 
t free acetylaldehyde inhibits causes steatosis 
radical formation Sa Toce gluconeogenesis gin 
"d metabolite fatty acid oxidation 
hypoglycemia 
forms adducts with 
proteins in the 
hepatocytes 
directly usually reversible if 
damages i i 
mitsiehandrial patient abstains from aicohol 
DNA 
lipid peores reacts with and depletes 
idati lutathione suppl 
peroxidation function g pply 
hepatocytes turn 
enhanced by into neoantigens 3 protection 
vitamin E deficienc inst cxidati aleohol alters 
y against oxidative damage permeability of 
induces an gut and allows 
i release : gram negative bacterial 
immune response 
po TNF-o: e ad E pics overgrawth 
| and cytotoxins y bacterial endotoxins 
inflammation = 
Y mh 
hepatitis 
promotes 
lissue damage and | 
collagen production hepatocyte 
damage and 
death via 
apoptosis 
Y 
impaired normal 
hepatic regeneration Tin: 
release of i: ASTIALT 24 right upper quadrant pain 
m liver enzymes * bilirubin constitutional symptoms 
activation of * alkaline phosphatase jaundice 
stellate cells * GGT 
fib Y is fibrosis is initially can develop into areas of 
me perisinusoidal micronodular regeneration 
cirrhosis 
(ee (see map) 
* 
can predispose to 
hepatocellular 


carcinoma 


primary hypertension 
(aka idiopathic or essential) 
> 95% 


3 main mechanisms 
involved in the pathogenesis 


| 


inappropriate activation of 
sympathetic nervous system 


| 


releas 


Y 
1t cardiac output 


TP 


Y 
cardiac 
BP output 
blood 
pressure 
rises 


rarely presents as 
malignant hypertension 
(aka accelerated) 


— o 


endothelial 
dysfunction 


and other mediators 


remodeling of arterioles 


2 major 


types of 
hypertension 


risk factors: 

* diabetes mellitus (see map) 
* lifestyle 

* obesity 

* age 

* genetics 

* smoking 


secondary hypertension* 
| <5% 


pde L Wa. RM 


' 3 major categories 


t'a AMNGG N he" 


endocrine etiologies: renal etiologies: other etiologies: 


inappropriate activation of 
renin-angiotensin 
aldosterone system (see map) 


es endothelin 


angiotensin Il * pheochromocytoma e chronic renal failure — * preeclampsia 
that lead to both causes vasoconstriction * Cushing's (see map) (see map) (see map) 
vasoconstriction and * aldosteronism (see map) renal artery stenosis * coarctation of aorta 


* thyroid disease (see map) 


* see individual maps for 
pathophysiologic process 
of different etiologies 


eripheral resistance 
' 


' 
' 
' 
' 
' 
' 
' 
1 
1 
' 
' 


Y 
total 
peripheral 
resistance 


CNS effects ——— stroke (see map) 


* retinopathy 

* AV nicking 

* exudates 

* hemorrhages 


retinal effects ———~ 


hypertension 

most commonly an 
asymptomatic disease 
until long-term effects 
unfold 


accelerated atherosclerosis 


leading to myocardial infarction (see maps) 
7 cardiac effects P i 


q afterload 
leading to left ventricular hypertrophy 
and $4 heart sound 
renal effects 1t glomerular hydrostatic pressure 
leading to glomerular hyperfiltration 


chronic renal failure (see map) 
nephrosclerosis 


abrupt 3 
in glomerular filtration rate (GFR) 
occurs due to 1 of 3 causes: 


Y 
pre renal ARF = 
problems that occur 
example causes: "upstream" from 
* hypovolemia kidneys 
* hypotension 


anuria or fluctuating urine output 


Y 
alterations in 


A bstruction of 

post renal ARF = on . 
problems occur ———» Urine flow caused by: _, GFR declines slowly — — Symptoms include 
*dorisireami" e urethral strictures i 
from kidneys : oe stones compensatory mechanisms 

* benign prostatic : " 1 š 

hypertoni sodium dilatation of 
Spertopny collecting system 


* neurogenic bladder Mn Ln 


renal hemodynamics 


" sepsis t i without damage to 
+ hepatorenal syndrome hemodynamic — fy tubular Š 
P yl abnormality leads renal parenchyma pressure —— —* ft BUN / CR ratio > 20 
to 1 renal 
perfusion intrarenal or intrinsic 
ARF = problems occur 
within the kidney 
leads to 3 main etiology is 
compensatory defined by site 
responses of injury: 
or T ee + glomerular (glomerulonephritis) 
vasopressin (ADH) myogenic peona * interstitial (acute interstitial nephritis) 
is released reflex | * vascular (vasculitis, renal artery / vein obstruction) 
macula densa * tubular (toxins, radiographic dyes) 
| release renin (see RAAS map) 
concentrates uu 
the urine arterioles most common 
dilate ear pum is acute tubular 
| of angiotensin II necne 
A wae S ` i al trate urine os vn 
> 500 mosm/L (t blood efferent sodium Sen 350 mosm 
flow to arterioles and water —— s fractional excretion of 
: à i à abnormal bule cells no longer 
kidney vasoconstriction reabsorption sodium (FENa) « 1 blood flow vi et gO FENa >1 
effectively 
¢ blood volume A 
t 
increases intrarenal — —, 9 blood — disrupts junctions backleak 
fluid returns the GFR vasoconstriction ow damages between cells and of urea and creatinine 
oUm to normal tubular 1 S exposes basement membrane | 
unless or until BUN/Cr dones elevated BUN/Cr 
compensation > GFR falls > ratio > GFR but ratio is 
fails 20:1 tubule cells no < 20:1 
symptoms seen with longer adhere 
g% GFR Pee to one another 
i pre renal tubule cells worsening urine sediment 
metabolic electrolyte — azotemia slough off and — tubular —— includes: 
acidosis retention of imbalance develops obstruct renal necrosis granular and . 
(see map) nitrogenous tubule lumen tubular epithelial casts 
I r š 
s Sm a hyperkalemia | 
á vr s (see map) tubule cells 
* uremia can regenerate and 


(see chronic renal failure map) 


return the GFR to normal 
or near normal 


QD 09: uw 


risk factors: 

* family history of inheritable kidney disease 
* hypertension (see map) 

* diabetes mellitus (see map) 

+ glomerulonephritides (see map) 
* autoimmmune disease 

* older age 

* previous incident of acute renal failure 


metabolic prevents acids from 
acidosis —— being excreted in 
non-anion gap form of ammonium 
(see map) 
can lead to 
anion gap 
metabolic acidosis 
(see map) 


= 


chronic injury 
and irreversible 
loss of nephrons 


| 


¢ workload on 


compensatory and maladaptive response: 


CHRONIC RENAL FAILURE KR 


remaining nephrons * hypertrophy of nephron 
in order to maintain * (t glomerular capillary hydraulic pressure (glomerular capillary hypertension) 
normal renal function * glomerular hyperperfusion 


N 


individual surviving nephrons long period of asymptomatic 
q GFR = compensation 
hyperfiltration 

injures/destroys more Ni 

nephrons by altering 

tubular structure and 

function 


glomeruloscelerosis 


| 


less nephrons to 
maintain normal 
renal function 


— compensation fails with 
> 50% nephron loss 


I 


g GFR ——ə - azotemia = ¢ BUN and Cr 


| 


end-stage renal disease = 
uremia requiring 
transplantion/dialysis 


uremia = syndrome of 
multiorgan system 


derangement as a 


* uremic frost 


result of kidney failure * pruritis 
| * neuromuscular disorders 
* Sleep problems 
n . accumulation of —» * loss of memory 
UN "e d— 9 K* secretion nitrogenous waste + mental impairment 
M products from protein « asterixis 
loss of renal ^ metabolism * peripheral neuropathy 
1) ammonia š funera bu 
production *————— ——— — — failure to excrete including meinfiections 
due to leukocyte 
suppression 
organic by uremic toxins 
acids accumulate 
pericarditis from 
uric acid itato kd 
réfention i uremic toxins 
failure to synthesize / absorb / secrete 
Na* and water appropriate amounts of 
tatention renal products abnormal hemostasis leads to: 


| 


volume and salt 

overtoad can lead to: 

congestive heart failure (see map) 
hypertension (see map) 


accelerated 
atherosclerosis (see map) 


"i 


Vit D PO, retention 


hydroxylation 


* bruising 

* spontaneous Gl bleed 

* spontaneous cerebrovascular 
hemorrhage 

* prolonged bleeding time 

* decreased platelet factor IIl 

* abnormal platelet aggregation 


— 


g Cat and adhesiveness 
resorption decreased synthesis of 

erythropoietin leads to 
2° hyperparathyroidism normocytic normochromic anemia 


* renal osteodystrophy 
* osteomalacia (see map) 
* osteoporosis (see map) 


(see anemia of chronic disease map) 


fatigue 


3 major etiologies of 


glomerulonephritis — NN 
| N systemic disease: 
post infectious: primary renal disease: * Wegener's granulomatosis 


* streptococcal 


* membranoproliferativeGN — " hypersensitivity vasculitis 


(most common) * mesangial GN * cryogiobulinemia I 

‘hepatitis BandC «idiopathic RPGN * systemic lupus erythematosis (see map) 
See maps) * Berger * polyarteritis nodosa 

* HIV (see map) * Alport * Henoch-Schonlein purpura 

* malaria * lg * Goodpasture's syndrome 

* toxoplasmosis 


primary glomerulonephritides 


| secondary glomerular disease 


i 


initiates immune 
reaction 


cell-mediated 
reaction 


humoral reaction can 
occur 1 of 3 ways 


A N 


sensitized T cells 


"s . 3 "T attack glomerulus 
antibodies attack circulating cytotoxic antibody 
fixed or planted antibody-antigen attacks glomerular 
antigen in situ immune complex cell components 


within glomerulus deposits within 


glomerulus 


acute inflammation ———» can lead to 1 of 5 


GLOMERULONEPHRITIS/NEPHRITIC SYNDROME QED 


(see map) clinical syndromes: — a 
hallmark sign in urinalysis of glomerulonephritis is dysmorphic RBC and RBC casts | 
xn 
Y 
asymptomatic chronic 
hematuria —- glomerulonephritis 
acul i ; " 
- rapidly progressing nephrotic 
Y glomerulonephritis glomerulonephritis syndrome 
aka crescentic GN see ma 
gross or - UE a) ( p) progressive renal 
microscopic insufficiency 
hematuria which can lead to 
acute nephritic syndrome: end-stage renal failure 


* abrupt onset macroscopic hematuria 


* oliguria 


* acute renal failure 


eg.lgAnephropathy , eder 


* hypertension 


* variable proteinuria 


eg. poststreptococcal GN 


(see chronic renal 


failure map) 
* acute nephritis 


* proteinuria 

* azotemia 

* rapidly J renal function 
* focal segmental necrosis 


| 


can lead to 
end-stage renal failure 
within days to weeks 


| 


3 categories determined by early renal biopsy: 

* Type 1 (anti-GBM disease) = Goodpasture's syndrome 
* Type 2 (immune) = postinfectious, SLE (see map) 

* Type 3 (pauci-immune) = Wegener's granulomatosis 


NEPHROTIC SYNDROME QED 
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 NteHROLITHIASIS EE 


urine production 
must balance 


water conservation excretion of salts 
with low solubility 


solubility is % by mulitple 

factors including: 

* 5 inhibitors (eg. nephrocalcin) 

* 3 complexing agents (eg. citrate) 
* f; transit time 

* dehydration 


imbalance between these 2 things 


ute to supersaturation as amount this metastable eventually urine physiochemistry crystal nuclei grow 
of substance exceeds its solubility — state allows —— reaches the —— of urine is now —— on existing surfaces found within 
for growth upper limit of unstable and new the papillary ducts or collecting ducts 

of preformed metastability crystal nuclei form = of kidney such as: 

crystals still and can no longer nucleation * epithelial cells 

held in solution hold crystals in * urinary casts 
solution = * red blood cells 
formation product 
Y 
crystals bind each other 
= aggregation 


4 major substances 
can lead to stone retention can be 


Y 
formation in the kidneys stone retention caused by 
mud | kaa. allows for — anatomic or 


: . i ko : further growth functional 
calcium ammonium magnesium uric acid cystine abnormalities 
oxalate phosphate stones stones stones 
stones Y 

nephrolithiasis 
radiopaque on x-ray 
radiopaque on x-ray radiolucent on x-ray beu by | 
genetic defect x 
caused by chronic which prevents stones form within 
i infecti i apillae and follow 
most common = eae CASES aede pos 4 E of 3 fates 
70 - 80% organisms including: e gout (sesmap) ku. "a 
Proteus * high purine diet Y 
» Klabisiólla * myeloproliferative disease : enter pass through 
| * tumor lysis syndrome obstruction ureter urinary system 
without obstructing 
2 subtypes: can lead to formation of or causing pain 
* pure calcium oxalate staghorn calculi Y 
* mixed calcium oxalate blocks outflow clinical presentation: 
and phosphate of urine leading * severe pain 
1 to hydronephrosis + hematuria 

causes include: * frequency 
* RTA * urgency 
* sarcoid (see map) * dysuria 
* malignancy 


* thyrotoxicosis (see map) 

* low urinary citrate 

* primary hyperparathyroidism (see map) 
* idiopathic hypercalcuria 

* hyperoxaluria 

* high protein diet 
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METABOLIC ACIDOSIS €D 


acid base balance 


revolves around concentration of H* 
in extracellular and intracellular fluids 


[H*] is highly controlled by 3 systems 


Y 


buffers in the lungs = kidneys = 
extracellular and "2nd line of defense" "last line of defense" 
intracellular fluids = 
"1st line of defense" 
Y 
, iion of : : : 
mainly HCO, which : rids body of A reabsorption of HCO3 excretion of acid i 
$ H* as CO2 by converting it at the proximal and ammonium (NH47) 
accepts H^ and from H2CO; via carbonic tubule of the in order to make new 
becomes H,CO; anhydrase glomerulus HCO3" 
=| 
these controls are represented in the following equation: 
Ht + HCO3° «——-+» H,CO3 «———» CO, + H,O 


E lenses — Eit S 


I ; 


by 1 acid load due to: by 2 bicarbonate 
* & excretion by kidney due to losses incurred by 
* @ production or acquisition kidneys or Gl tract 

9 in arterial [H*] 


metabolic acidosis | 


2 types of metabolic acidosis 
based on presence or absence of 
anion gap 


l 


see anion gap vs non-anion gap metabolic acidosis map 


leads to 4 physiologic 
responses by the body 

in an attempt to return the pH to 
as close to normal as possible 


3 short-term responses 
occur first 


|_, extracellular — _ HCO, accepts excess H* ` H,CO, travels to lungs CO, gets blown 


buffering and becomesH,CO, ~~ andisconvertedio — offin exhalation 
CO, and HO 
l» respiratory — [H*] stimulates , fin minute ventilation 
compensation central and (respiratory rate) 
peripheral increases the amount 
chemoreceptors of CO, blown off 
intracellular 
buffering via: this process of compensation should be 
|, ° proteins reflected in the following formula: 
* phosphate 
* bone carbonate expected pCO, = (1.5 x actual HCO,) + 8 mm Hg followed by 


long-term response 
carried out by kidneys 
but if the patient's actual HCO,” is above or 
below the expected pCO, then a mixed acid base 
disorder is present 


renal reabsorption 
and synthesis of new 
HCO,” 


renal excretion 
of H* 


acid base balance 


revolves around concentration of H* 
in extracellular and intracellular fluids 


[H*] is highly controlled by 3 systems 


buffers in the 
extracellular and 
intracellular fluids = 
"1st line of defense" 


lungs = 
"2nd line of defense" 


kidneys = 
"last line of defense" 


. mm rids body of reabsorption of HCO3” 
many HCO; which quc CO3 by converting it at the proximal 
accepts H+ and from H;CO; via carbonic tubule of the 
becomes H CO; anhydrase glomerulus 


ANION GAP VS NON-ANION GAP METABOLIC ACIDOSIS € 


excretion of acid 
and ammonium (NH4*) 
in order to make new 


HCO;” 


si 


these controls are represented in the following equation: 


H* + HCO; —— —- HCO; — CO; 


| | 


by % acid load due to: by 2 bicarbonate 
* & excretion by kidney due to losses incurred by 
* @ production or acquisition kidneys or GI tract 


¢ in arterial [H*] 


metabolic acidosis | 


2 types of metabolic acidosis 
based on presence or absence of 
anion gap 


normal anion gap 
or non-anion gap 
or hyperchloremic 


— 


! Causes: 
occurs when lost bicarbonate 


has been replaced by CI 


does not change 


* proximal tubular acidosis 

* distal tubular acidosis 
* hyperkalemic renal tubular acidosis 
* moderate renal insufficiency 

* carbonic anhydrase deficiency 


high anion gap 
or normochioremic 


occurs when an | 


acid other than HCI is gauses: 
added to the * ketoacidosis 


extracellular fluid * lactic acidosis 
* renal failure 


* salicylate poisoning 
* methanol poisoning 


this acid replaces the Y 
* ethylene glycol poisoning 


the anion gap (AG) HCO; while [Cr] 
| remains normal 
AG = [Na] - ([Cr] + [HCO. 
! a ur P widens the "gap" between 
i Y Y anions and cations 
Y Cro bicarb 4 
cations i ; AG = [Nat] - (ICF] + IHCO;] + [other acid]) 
remain the à Sw i 


no gap created 


[anion] remains the same 


same ` © 
Y Aou 
low cations high anions 
|] 


` at 


gap created 


* vomiting 


* nasogastric tube ~———-— by 4 acid load 


* diuretics 
* antacids 


* excess mineralcorticoids 


* hypercalcemia 
* hypokalemia 


clinical signs / symptoms: 

* arrhythmia 

* & cardiac output 

* confusion 

* & cerebral blood flow 

* neuromuscular excitability 


leads to 2 physiologic 
responses which attempt to 
return the pH as close to 
normal as possible compensation 


Y 
alveolar 
hypoventilation 


M 
f PCO; 


Y 
the expected pCO; 


compensatory response= 
0.7 [HCO37] + 20 + /-5 


acid base 
balance 


revolves around 
concentration of H* 
in extracellular and intracellular fluids 


[H*] is highly 
controlled by 3 


a Systems 
I 


buffers in the lungs = 

extracellular and "2nd line of defense" 
intracellular fluids = 

"^st line of defense" 


| 


mainly HCO3 


kidneys = 
“last line of defense” 


hi rids body of reabsorption of HCO; 
- idw pie H* as CO; by converting at the proximal 
becunies H2COs via carbonic tubule of the 
HCO; anhydrase glomerulus 
these controls are represented in the following equation: 
Ht + HCO;  -——- HCO; SE He CO» * 


NE; eens + milk alkali syndrome 


gin 
arterial [H*] 


metabolic alkalosis 


* acute alkali administration 


METABOLIC ALKALOSIS «D 


excretion of acid 
and ammonium (NH4*) 
in order to make new 


HCO; 


H20 


3 types of metabolic alkalosis 


caes 
icn des! 
prode) W q gnoses 
gon int g agerem 
sed Ui se 
and 


«arrow 


T alkalosis 


! 


chloride responsive 
alkalosis | 

| i this means the 
rapid urine [chloride] < 25 mg/L patient is 
renal excretion volume expanded 
of bicarbonate i 

this means causes: 

i patient is ” + loss of gastric secretions 

1 HCO; Y volume depleted (NG tube, vomiting) 


* antacids 
* thiazide or loop diuretics 
* villous adenomas (cause diarrhea) 


if Kidney is unable to 

excrete HCO; alkalosis is 
maintained via 1 of 3 mechanisms: 
* chloride depletion 

* volume (ECF) depletion 

* K* depletion 


chloride resistant 


urine chloride » 40 mg/L 


other 
»- 


alkalosis 


I 


* alkali loading 

* end-stage renal disease 

* refeeding with high 

* amount of carbohydrates 
* massive blood transfusion 
* hypercalcemia 

* IV penicillin 

* hypoproteinemia 


causes are divided 


—— into etiologies that occur 


with or without 
hypertension 


| 


with hypertension: 
* adrenal adenoma 


* hyperaldosteronism 
* Cushing's (see map) 


* Liddle’s syndrome 


| 


without hypertension: 
* Bartter's syndrome 

* Gitelman's syndrome 
* hypokalemia 

* hypomagnesemia 


"ud systems 
i 


buffers in the 
extracellular and 
intracellular fluids = 
"1st line of defense" 


| 


mainly HCO; 
which accepts 
H* and 
becomes 
HCO; 


RESPIRATORY ACIDOSIS €E 


acid base 
balance 


revolves around 
concentration of H* 
in extracellular and intracellular fluids 


[H*] is highly 
controlled by 3 


lungs = kidneys = 
"2nd line of defense" “last line of defense" 
rids body of reabsorption of HCO; excretion of acid 
H* as CO; by converting at the proximal and ammonium (NH;*) respiratory center 
H;CO; via carbonic tubule of the in order to make new 
anhydrase glomerulus HCO; 


respiratory muscles or chest wall 


| 


Ht 


| 


these controls are represented in the following equation: 


a upper airway obstruction 


caused by 
+ HCOy ——— HCO; — Q * H20 abnormality 


at any level — _, gas exchange 
| ors the ventilatory 
ee eT tT PRSE Lu S: 
| CO? component of equation is increased by hypoventilation = process 
; EEFT orae 


1 mechanical ventilation 


primary ' retain CO» = 
change  : hypercapnia 
respiratory 
acidosis 
$ [H*] 


primarily hemoglobin 
and proteins accept 
excess H* 


& arterial pH — 


H2CO3 + buffer ———» Hbuffer + HCO3” 


as buffers accept 
H* from H2C0; = acute compensatory response 
$ [HCO3] 


if hypercapnia persists 
renal compensation occurs 


| | 


] chronic compensatory response 


¢ urinary Ht 1 HCO; 
excretion retention / 
| production 
9 [H*] ft [HCO;] 
|. el 


pH is returned 
closer to normal 


acid base 
balance 


I 


revolves around 
concentration of Ht 
in extracellular and intracellular fluids 


[H*] is highly 
controlled by 3 


P di systems 
| 


buffers in the 
extracellular and 
intracellular fluids = 
"1st line of defense" 


| 


lungs = 
"2nd line of defense" 


kidneys = 
"last line of defense" 


mainly H 
wf d b tids body of reabsorption of HCO3 excretion of acid 

H* and H* as CO; by converting at the proximal and ammonium (NH4*) 

Becomes H2CO; via carbonic tubule of the in order to make new 
HCO; anhydrase glomerulus HCO; 
these controls are represented in the following equation: 
H* * HCOy;  4——  H;COs — CO; * H20 
p----2------2-2-.-.-2-2---.22--02-222-222-2220222222. Ë 


primary change ! blow off too much 
' CO;>=hypocapnia 
respiratory 
alkalosis 
a [H*] 
elevated causes H* to shift from 
arterial pH intracellular to extracellular 
fluid 
H* combines with 
HCO3 to form H2CO3 = 
& [HCO;] 
H2CO3 


converts to CO; =, —— 


q PCO; 


RESPIRATORY ALKALOSIS QED 


acute compensatory response 


chronic compensatory response 


J c7 oz gl 
if hypocapnia persists 
renal compensation occurs 


| | 


% urinary a HCO; 
H* excretion excretion 


| | 


€ [H*] 2 [HCO] 


return pH 
closer to 
normal 


HYPERSENSITIVITY REACTION TYPE 1 QED 
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First contact with intracellular antigen is picked up 
by antigen presenting cells (APC) 


antigen 
is processed by APC 
and presented to naive isses 
T cells within Sensitization Phase 


regional lymph node 


IL 12 secretion by APC shifts 
response to CD4 Th1 
pathway can shift response toward CD4 or CD8 


response depending on how APC presents antigen 


occasionally antigen is processed 
via class | MHC molecule 
7 CD8T cells are activated 
to that specific antigen 


Y 
mostly antigen is processed 
via class Il MHC molecule 


Th0 cells are activated 
and differentiate into CD4 Th1 
cells specific to that antigen 


Effector Phase 


2nd exposure 
to same antigen 


| 


Thí cells secrete cytokines: 


Th1 cells 
clonally expand 


‘IFNy 

+ TNF o: | 

+IL8 

*I1L2 recruits and activates mainly 
*iL3 macrophages and other 

* GM-CSF nonspecific inflammatory cells 


inflammatory infiltrate 
arrives at site of 
infection 24 hours later = 
delayed type hypersensitivity 


| 


HYPERSENSITIVITY REACTION TYPE 4. C 


Examples of type-4 HS reactions: 
* contact dermatitis 

* graft rejections 

* tuberculin test reaction 


CD6 cells eliminate antigen 
— , Via cell-mediated 
cytotoxicity (see map) 


enables ® antigen 
presentation 


activated macrophages are 


responsible for most of the 


effects of the 


hypersensitivity reaction by: 


* (t phagocytosis 


hypersensitivity response is further 
amplified by an increase in 
class I} MHC molecule 
expression on activated macrophages 


—VI 


* ff oxygen radical release 
+ f? nitric oxide release 


| 


elimination of intracellular 
antigen occurs through 
nonspecific destruction of tissue 


if hypersensitivity reaction is 
unable to eliminate antigen 
then continuous 
tissue damage can lead 
to granulomatous reaction 
(e.g. TB granulomas} 


HUMORAL IMMUNODEFICIENCIES ME 
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complement assays 
show: 

* 03 

* 9 C4 

* 3 CH50 


1 in ESR -— —— 


anti-histones -— antinuclear 


| 


seen with drug 
induced SLE: 

* procanimide 

* alpha-methyldopa 
* hydralazine 

* isoniazid 

* d-penicillamine 


SYSTEMIC LUPUS ERYTHEMATOSUS QED 


systemic 
autoimmune 
disease 
= by environment 
m interplay — Stressors: 
genetics between * sun exposure 
| e viral infections 
* drugs 
š bored deficiency in early 9 
we 2 complement components 1 
aes interferes with classical pathway can invoke 
(see complement cascade map) ups 
cell damage 
defect causes normally followed 
delay in apoptosis by apoptosis but 
changes normal 
cellular components 
into autoantigens 
autoantigens linger 
on in apoptotic 
blebs and bodies 
$ access m: in 
to dendritic cells proinflammatory 
cytokines 
+ fever primary immune 
* weight loss response via TH2 
* malaise pathway. 
+ lymphadenopathy (see cell-mediated 
immunity map) 
development of tissue 
autoantibodies à injury via — 
generates antibodies binding to 
l| more autoantigens "d | extracellular molecules 
+ Mauer types immune complexes | 
which deposit in autoimmune 
subendothelium hemolytic anemia 
inflammation resulting 
in central — > =, 
clinical features 
ANA 
sensitive 
but not specific 
so look for: 3 Y - idie 
«anti-dsDNA anti-phospholipids fires nophifís 
SENAMAN 1 lupus "d classified into 
anti-cardiolipin ^ anti-coagulant kidney failure is Spes 
most common cause (See nephritic map) 
| of death in SLE 
anti-cytoplasmic but actually a 
procoagulant = 
anti-blood * increased aPTT 
elements: * ischemia 
+ anti-RBC * strokes (see map) 1. normal 3 
+ anti-platelets * miscarriages 2. mesangial nephritis 


* anti-lymphocytes 


can lead to 
tri-lineage 
cytopenias 


3. focal proliferative nephritis 

4. diffuse proliferative nephritis 

5. lupus membranous nephropathy 
(see nephrotic syndrome map) 


——» + coombs test 


skin: 

* malar rash 

* discoid rash 

* photosensitivity 


joints: 

* nonerosive 
* polyarthritis 
* synovitis 


CNS: 

* acute vasculitis causes focal 
neurological symptoms 

* seizures 

* psychosis 


CVS: 
* pericarditis 
* Libman Sacks endocarditis 


hematologic: 

* hemolytic anemia 

* leukopenia 

* lymphopenia 

* thrombocytopenia (see map) 


pulmonary: 

* pleuritis 

* pneumonitis 
* hemoptysis 


HUMAN IMMUNODEFICIENCY VIRUS «2 


Human Immunodeficiency Virus (HIV) 


| 


transmitted via infected body fluids: 
* semen 
* vaginal secretions 

* blood / blood products 
* in utero 


Y 
HIV infects host immune cells through 
binding its viral envelope glycoprotein 120 
to 2 major types of host cell receptors 
l 


primary infection 


| \ 


CD4 receptor found on CCR5 chemokine receptor on macrophages and 
immune cells: CXCR4 on CD4 T cells 

* dendritic cells 

* monocytes 

* microglia 

«Th cells (express the most CD4 receptors) 


t 


initially infects antigen CD4 T cells and macrophages serve 
presenting cells (APC): » as viral reservoir 
* dendritic cells throughout course of infection 


* macrophages 


APCs then 
present HIV antigens to CD4 T cells within lymph 


node x 
virus is released 


into circulation = 
viremia causing 
acute or primary HIV 


viral replication occurs via 
reverse transcriptase = retrovirus 


—— f diagnostic tests: 

* viral load 

* ELISA for antibodies 

* western blot for confirmation 


2 main cytopathologic effects: 


can present with flu like continual activation of cell-mediated leads to long-term negative 
symptoms: and humoral arms of immune system ~~” Consequences for CD4 cells: 
virus mutates through course * rash leading to CD4 memory T cells proliferation * 4; apoptosis which shortens CD4 lifespan 
of infection * fever * reduced regenerative ability of 
* lymphadenopathy T cell populations 
* non exudative pharyngitis * tissue destruction 
* headache this proliferation in turn provides virus with * syncytia formation 
mutations enable * myalgias more cellular targets * CD4 T cell dysfunction 
virus to overcome immune | 


system mechanisms : 
expanded target population 


enables infection to persist = 
chronic HIV infection 


virus induced cytolysis aoe 


g CD4 T cell population 


immune function continues 
to be compromised 


until 
L 


| Acquired Immune Deficiency Syndrome (AIDS) = CD4 count < 200 or the presence of one or more AIDS-defining illnesses 


Y 

AIDS defining illnesses:” | 
* bacterial infections, multiple or recurrent * histopiasmosis, disseminated or extrapulmonary * mycobacterium avium or M. Kansasii, 
* candidiasis of bronchi, trachea, or lungs * HIV encephalopathy disseminated or extrapulmonary 
* candidasis of esophagus * HIV wasting syndrome * M. tuberculosis, disseminated or extrampulmonary 
* carcinoma, invasive cervical * immunosuppression (severe HIV-related) * M. tuberculosis, pulmonary 
* coccidiodomycosis, disseminated or extrapulmonary ^ *isosporiasis, chronic intestinal * mycobacterial disease, other 
* cryptococcosis, extrapulmonary * Kaposi's sarcoma * pneumocystis jiroveci pneumonia 
* cryptosporidiosis, chronic intestinal * lymphoid interstitial pneumonia and/or pulmonary lymphoid hyperplasia + progressive multifocal leukoencephalopathy 
* cytomegalovirus disease (retinitis or other) * lymphoma, Burkitt's * salmonella septicemia, recurrent 
* herpes simplex, with esophagitis, pneumonitis, or + lymphoma, immunoblastic * toxoplasmosis of brain 

chronic mucocutaneous ulcers * lymphoma, primary in brain 


*CDC's AIDS surveillance case definition conditions. 


etiologies: 

* structural heart disease (congenital / acquired) 
* intravenous drug use (IVDU) 

* prosthetic valves 

* rheumatic heart disease 


| 
l | 


valve surface of heart is valve surface is inflammed via 
disrupted or injured causing integrins and cytokines 
endothelium to be exposed (seen with IVDU) 


platelet and thrombin deposition 


IER leads to fibrin formation 


vegetation (aka coagulum) forms 
on the valve 


| bacteria enter circulation via: 
* mucosal membranes 


vegetation becomes nidus 
for infection via bacteremia (usually transient) 


| 


bacterial infection activates inflammatory response 


* skin 


no 


vegetation increases in 
size as platelets and 
fibrin are deposited 


Y 


bacteria are protected and able to 
proliferate within growing vegetation 


' 


vegetation can embolize 
to different location TP 


infection leads to 


infective endocarditis 


| 


4 broad classifications of endocarditis: 


* native valve infections 

* prosthetic valve infections 
* infection from IVDU 

* nosocomial infections 


clinical manifestations of —— humoral and cellular —— defenses and are able to 


* focal infections 


K " z 
a im Tetas p ot s n s these organisms are responsible for > 80% of 
PE bii i , a infective endocarditis 
HACEK organisms (Haemophilus, Actinobacillus, 
Cardiobacterium, Eikenella, Kingella) 


nonspecific signs and symptoms: 
* fever (most common) 

* chills 

* malaise 

* nausea 

* night sweats 

* arthralgias 

* myalgias 


P * weight loss 


bacteria resist host immune immune complex deposition 


activates both 


° ‘ Š can lead to 
immune responses disseminate 
(see maps) | 
* glomerulonephritis 


* immune complex vasculitis 


damage cardiac 

structures: 

* valve destruction 

* new or changing murmur 

* heart failure 

* pericarditis 

* prosthetic valve endocarditis 


| * Janeway lesions 
complications of infective —————» cutaneous findings ——— * Roth spots 


endocarditis hod * Osler's nodes 


* septic joints 
persistent bacteremia —— ake 


* sepsis (see map) 


tight sided infective endocarditis leads to pulmonary emboli 
a (more common with IVDU) 
septic emboli 
i left sided infective endocarditis leads to emboli of brain, 
spleen, kidney, gastrointestinal tract, extremities 


bacteremia 


labs show: 
* positive blood cultures 
* positive gram stain 


Y 
inflammation causes 


bacteria colonize 
nasopharynx 


! 


bacteria cross 

epithelial lining via: 

* membrane bound vacuoles 

* Spaces between apical tight junctions 


T 
bacteria access 
bloodstream 


Y 


arrive at choroid 
plexus epithelial cells 


' 


reach CSF via: 
* direct infection of epithelial cells 


* migrate through or between cerebral capillary cells 


* 


at this point polysaccharide capsule protects bacteria 


aa LS _» from host defense 
mechanisms including: 
* neutrophil phagocytosis 


* classic complement cascade (see map) 


bacteria multiply unhindered 
because CSF lacks effective 
immune defenses 


lysis of releases of cell wall components into 


subarachnoid space: 
* lipopolysaccharide 


* techoic acid 
* peptidoglycans 
Y 
leads to inflammatory 
response 
Y 
inflammatory cytokines 
and chemokines released —— TNF alpha 
by: IL 1 
y: 
* microglia 
* astrocytes 
* monocytes 
* microvascular endothelial cells 
* CSF leukocytes 
| $ CSF protein 
meningeal inflammation neutrophil 
degranulation 
leads to cytotoxic 
edema 


production of excitatory 


amino acids, reactive oxygen radicals, 


NO, peroxynitrite 


| 


leads to neuronal 
cell death 


most clinical manifestations of 


meningitis 


Y 


signs and symptoms can present 


acutely or chronically 


Y 
classic meningitis 
triad: 

* headache 

* fever 

* nuchal rigidity 


other symptoms: 

* mental status changes 
(lethargy to coma) 

* nausea 

* vomiting 

* photophobia 

* seizures 

* other symptoms specific to 


type of bacteria (e.g. petechiae) 


4 permeability 


(BBB) 


vasogenic edema 


¢ intracranial pressure causes 

clinical signs and symptoms of meningitis: 

* altered level of consciousness 

* papilledema 

* dilated poorly reactive pupils 

* Sixth nerve palsy 

* decerebrate posture 

* Cushing's reflex (bradycardia, irregular 
respiratory rate, hypertension) 


coma and/or 
cerebral herniation 


of the blood brain barrier 


bacterial meningitis lumbar puncture shows 
CSF with: 

* PMN leukocytosis 

* Ü glucose concentration 

* 4 protein concentration 

* (t opening pressure 


— T - 


¢ adhesion and migration 
of leukocytes = leukocytosis in CSF 


ft permeability 
of cerebral 
vasculature 


serum proteins Y 
leak into CSF leukocytes 
| accumulate 
obstructs CSF flow 


while reducing ability 
of the arachnoid villi 


"ul to reabsorb CSF inc 
interstitial obstructive and communicating altered cerebral 
edema hydrocephalus blood flow 


| abnormal head CT «————————-_ causes other 


complications 
inlcuding: 

* vasculitis 

* thrombosis 
* ischemia 

* infarction 


most urinary tract infections (UTI) 
are ascending infections beginning 
with bacterial colonization of the distal urethra 


UTls are divided 
epidemiologically by 


where the infection is 
acquired 


nosocomial acquired UTIs: community acquired UTIs: 

* candida * E. coli (most common) 

* Proteus mirabilis * coagulase negative staphylococci 

* other gram negatives such as * other gram positives (S. epidermidis, S. aureus, E. faecalis) 


Klebsiella, Enterobacter, Serratia, Pseudomonas 


I 


bacteria ascend up the urinary tract with help of different predisposing factors: 


| | 


mechanical factors including: infectious / virulence factors: 
* fimbriae (pili) enable bacteria to adhere to urethra and bladder wall 
| * capsule preventing phagocytosis 
* membrane damaging toxins such as hemolysin 


prevention of urine flow or bladder emptying 
by conditions like pregnancy, BPH, renal calculi, 
tumors, strictures, loss of neuro control, 
vesicoureteral reflux 


activities or conditions which enable bacteria to reach bladder 
such as short urethra, sexual intercourse (for females), and catheterization 


| 


bacteria can continue to ascend 
into urethra causing urethritis 


Ry lower urinary tract infection: 
Se * dysuria 
`. e urgency 
* g frequency 
p” suprapubic pain diagnostic tests: 


* asymptomatic * urinalysis 
* nitrite dip stick test 
* leukocyte esterase dip stick test 
* urine culture 


upper urinary tract infection: 


x * lower urinary tract symptoms 


bacteria can continue to ascend into the bladder — = 
causing acute uncomplicated bacterial cystitis + 
or complicated bacterial cystitis 


z * fever 
y * flank pain 
bacteria can continue to ascend to, «^ * CVA tenderness 
prostate and kidney causing — acute prostatitis 
pyelonephritis and prostatitis a 
2 
Q 
D 
> prostatitis Z| 8 t» chronic prostatitis 
5 
© 
Ë 
Pis. 
nonbacterial prostatitis 
(aka chronic pelvic pain syndrome) 
rarely caused by hematogenous 
spread associated with: 
* Š. typhi 
* S, aureus 
* M. tuberculosis 2 acute types: 


bacteria can continue to 
invade bloodstream 
and cause urosepsis 


pyelonephritis ——> acute uncomplicated pyelonephritis —» 
or acute complicated pyelonephritis 


chronic pyelonephritis 


Z \ 


| 3 causes | 


/ \ ` 


vesicoureteral reflux ^ obstruction idiopathic 


* infection with: 


*bacteria(mostcommon) — — 


* fungi 
* virus 


promotes 

extrinsic 
coagulation 
cascade (see map) 


E 


thrombin 


~~~ of inflammatory 


bacterial membrane components 
bind CD14 receptor on monocytes 


| 


toll like receptor sends 
signal to cell to produce 


proinflammtory cytokines 

including: activates both classic 

* TNF-o: ~ and alternative 

*IL1 complement pathways 
(see map) 


induces inflammatory 


cascade 
amplify one another 
and initiate I 
"systemic spillover" tissue factor 


mediators 


accompanied by 


abnormal g in 
fibrinolysis 


| 


hypercoagulable 


state 


| 


¢ thrombin 
and fibrin levels 


| 


local or diffuse 


microthrombi form 


SN 


depletes 
clotting 
factors 


depletes 
platelets = 
thrombocytopenia 


hemorrhage 


however current theory 


epeoseo sisdos 


SEPSIS SYNDROMES €D 


> injures and 


suggests pathophysiology 
may later shift to antiinflammatory 
immunosuppressive state 


| 


leads to clinical state that can 
be called either: 


systemic inflammatory 
response syndrome (SIRS) 
includes 2 of 4 clinical signs: 

* hyperthermia or hypothermia 
* tachycardia 

* tachypnea 

* leukocytosis or leukopenia 


clinical state can progress to 
severe sepsis = 
sepsis associated with 
severe organ dysfunction 


can progress further to 
septic shock - 
subset of severe sepsis 
with low mean arterial blood 
pressure despite adequate fluid 
resuscitation 


can progress further to 
refractory septic shock = 
persistently low mean arterial blood 
pressure despite vasopressor therapy 
and adequate fluid resuscitation 


can progress further to 
disseminated 


> intravascular 
coagulation (DIC) 
(see map) 


! 


can progress further to 
multiple organ dysfunction syndrome 
(MODS) 


sepsis - SIRS due to infection 


ag— = —— 


activates endothelium 


| 


* + apoptosis 

* upregulation of thrombin receptors 

* ñ proadhesive properties 

* attracts more platelets, monocytes, neutrophils 
* 4 vasodilation 

* permeability 


| 


hypovolemia leads blood is shunted 
to poor tissue perfusion = ———> away from GI tract 
distributive shock and toward kidneys 
and CNS 


secondary organ dysfunction 
due to "cell hibernation" 


or "cell stunning" 


CNS: altered mental status, confusion, 
lethargy, septic encephalopathy 


heart: initially hyperdynamic state = 
high cardiac output, decreased vascular resistance, 
ventricular dilation, low ejection fraction 


tungs: hyperventilation, respiratory alkalosis, 
hypoxemia, acute respiratory distress syndrome (see map) 


GI: ileus 


liver: cholestatic jaundice, 
elevated bilirubin, 

elevated alkaline phosphatase, 
elevated aminotransferases 


t 
kidneys: azotemia, oliguria, proteinuria, 
renal failure 


endocrine: altered pituitary 
function 


Mycobacterium 
tuberculosis (TB): 
* aerobic 

* intracellular 


— 


primary infection begins with bacilli inhaled and trapped 
first exposure to aerosolized in distal bronchioles and 
droplets from another person ^ ^7* alveoli — 
with active TB infection 


* aka acid fast bacilli (AFB) 


delayed type 
hypersensitivity reaction 
or hypersensitivity reaction 
type 4 (see map) 


| 


causes * PPD reaction 


macrophages 
initiates Th1 response present bacilli antigen . = 


(see cell-mediated immunity map) t2 mainly CD4 T cells 
| within regional lymph nodes 


via MHC class II proteins 


cell-mediated 
immune reaction leads 
to 3 major effects 


activates macrophages 
and augments their 

bactericidal actions via 
release of IFN gamma 


leads to development 
of granulomas via release of 
TNF alpha by activated macrophages 


TNF alpha causes monocytes 
to differentiate into epithelioid cells 


epithelioid cells form caseating granulomas 
in order to contain bacilli 
and limit spread 


I 


some bacilli can 

Survive within granuloma 
by disrupting nitric oxide 
production and inhibiting 


some granulomas 
heal via fibrosis 
and calcification 


pulmonary disease 


alveolar macrophages 


ingest bacilli 


| 


bacilli replicate 
intracellularly and 
cause macrophages 
to lyse | 


new bacilli are released into 


circulation = lymph-hematogenous spread 


bacilli ingested by circulating macrophages 
which then seed extrapulmonary sites 


1 of 2 clinical outcomes can occur at this point 


latent TB 


infection | 


severe 
primary progressive or disease 


xo miliary TB can develop if can lead to 
clinical signs and Symptoms: patient lacks immunity: death 
* usually asymptomatic * HIV/AIDS patients 
* CXR shows calcified + elderly 
granulomas and fibrosis * substance abusers 
* positive PPD * recent infection (within 2 years) 
* not contagious 


* diabetes mellitus (see map) 
* immunosuppressive treatment 
* leukemia (see map) 


consequent immune suppression s 
* renal failure (see map) 


allows latent TB to reactivate = 
reactivated or secondary TB 


3. d aie. 


| 3 major categories of TB disease | 


"al | 


extra-pulmonary disease 


small millet seed sized 
miliary (or disseminated) TB ——* granulomas found 


hagolysosome fusion i 
phagoly: or in primary throughout the body 
mo 
Y DI * lymph nodes (most common) can form scrofula 
if TB is reactivated * pleura 
granuloma grows, liquifies usually develops in * genitourinary 


and drains = cavitation 


Y 
bacilli are released 


into circulation and airways "cough — 
* hemolysis 
Y * fever 
TB infection is now contagious * weight loss 
via AFB positive sputum * anorexia 


* night sweats 


apical lobes due to 
high oxygen concentration 


* skeletal (Pott's disease) 
* gastrointestinal 


' 


clinical signs and symptoms: 
* CXR can be normal or show lower and 
middle lobe infiltrates with 
ipsilateral hilar lymphadenopathy (ghon complex) 
* positive acid fast stain of sputum 
* positive sputum culture 


GD onan: 


etiologies: 
* possible environmental trigger (virus) ——— autoimmune attack of 
* genetic predisposition pancreatic beta cells occurs via 


| | 


humoral mostly cell-mediated 
immune immune response 
response (see map) 
(see map) 


| | 


islet cell CD8 T cells 
antibodies 


11 beta cells 


: 


& insulin 
production 


hyperglycemia 


can present clinically 
as an acute condition 


Q insulin 


| 


1 glucagon ———> 


| 


ketones: 


f hepatic . * acetoacetate 
gluconeogenesis * beta hydroxybutyrate 
and * acetone 


glycogenolysis 


| 


leads to excess 
serum glucose which 


exacerbates already — n — — — — — 


existing hyperglycemia 


| 


exceeds 
renal threshold 


| loss of: 
osmotic diuresis —— * H20 


K* 
| * Na* 


glycosuria 


polyuria 


mild = 
optic disk swelling 
blurry vision 


— — cannot transfer 
glucose into cells 


tt fatty acid 


* high serum ketones 


plasma osmolality 


loss of intracellular 
fluid in brain can lead 


- DIABETES MELLITUS TYPE 1 CD 


can present clinically as a ——= diabetes mellitus type 2 (see map) 
chronic condition 


* growth failure 
protein —— «weightloss 


* polyphagia 


4 risk 
— of pancreatitis 
(see map) 


diabetic ketoacidosis = 


anion gap : 
metabolic acidosis —— 0 bicarbonate 
sss map) 
hypovolemia dehydration 
hypotension stimulates 


thirst 


polydipsia 


DIABETES MELLITUS TYPE 2. QED 


multiple contributing factors: 
* genetics 

* lifestyle 

* obesity 


initiating mechanism leading to insulin 
resistance is unknown but could include: 
* post-insulin receptor (signaling) defect 
* elevated levels of free fatty acids 


| 


glucose dependent tissues 
(skeletal muscle, liver, 
adipocytes) are unable 
to take up glucose 


| 


sends signals 


peripheral to liver to increase 
insulin 
resistance glycogenolysis 


| 


glucose tolerance 
is initially normal because eventually 
beta cells compensate by —+» beta cell 


¢ insulin production = exhaustion 
hyperinsulinemia occurs 
| impaired 
leads to downregulation insulin 
secretion 


of insulin receptors 


| 


Q glucose 


uptake 


_ —— 


retinopathy: 
* microaneurysms 
* neovascularization 
* blindness 
* exudates 
nephropathy: 
* glomerulosclerosis 
* microalbuminuria 
* proteinuria 
* chronic renal failure (see map) 


m edi 


excess hepatic 


gluconeogenesis and — glucose output 


| 


Stimulates more 
insulin release 


illness 
infection 
acute plasma hyperosmolar 
emergent — | me dL osmolality approx —» yp ceria 
onset 9 >330 mg/dL \ 
no ketones! 
hyperglycemia of 
diabetes type 2 ka. S 
responsible 
for symptoms 
labs: und __, onset determines 
* fasting glucose > 126 mg/dL chronic clinical presentation 
* elevated HbA1c complications 
of diabetes 
SEM insidious 
complications 
onset 
J loss of 
H20 
microvascular macrovascular SXGBSS SOrUm "T U" K* 
glucose exceeds —— osmotic diuresis ————> Mae 
renal threshold | a 
glycosuria ! 
| dehydration 
polyuria 
t TG stimulates 
neuropathy: ®t LDL dyslipidemia thirst 
* gastroparesis 9 HDL | 
* orthostatic hypotension Ivdipsi 
+ stocking glove paresthesias polydipsia 
accelerated 
atherosclerosis 
(see map) 
CES I 
* MI (see map) 


* Stroke (see map) 
* peripheral vascular disease 


HYPERTHYROIDISM. € 
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OSTEOARTHRITIS €D 


2 main components of 
articular cartilage 
found within joints 


j l 


proteoglycans = collagen = 
provides cartilage with stiffness provides cartilage with tensile 
to resist damage from high strength to resist 
loads shearing forces 


l | 


together these components contribute 
to the 2 mechanical functions of cartilage 


enables joints to 


d disperses weight 
glide over one another over joints so that bones 
smoothly to create fluid do not break under concentrated load 
movement | 


osteoarthritis (OA) = synovial joint failure occurs with loss of cartilage 


due to: 
* primary or idiopathic OA (most common) 
* secondary OA due to the congenital, endocrine, metabolic, or trauma-based etiologies 


"i ^x 


biochemical abnormalities mechanical abnormalities 
IL 1 and TNF alpha 
exacerbates A 
ft activity of one f stress placed upon joints assoiciated with: 
matrix metalloproteinases (MMPs) B levels of another * age 


* repetitive use 
* genetics 
* trauma 


relative to decreased inhibition inhibRorser inal 


degradation such as: 
. * tissue inhibitor metalloproteinase (TIMP) 
t degradation of * plasminogen activator inhibitor (PAI-I) 


prorogiyean matti al negatively influences the biochemical properties of cartilage 


disrupts cartilage metabolism 
so that cartilage catabolism > 
cartilage repair and synthesis 


disease process is most obvious 
within load bearing joints 


| 


cartilage initially thickens 


a loss of cartilage eventually followed by remodeling 
in response to damage but — IU I > attects other tissues of ©. + and hypertrophy of bone = 
eventually thins, fissures, and the synovial joint compensated osteoarthritis (OA) 
ulcerates 
clinical picture of OA is u 
defined by joint pain that is: bony abnormalities 
* aggravated by use altered joint structure result including: 
* relieved with rest P affects joint function 5 s osteophytes of spurs 
note: * morning stiffness that lasts « 20 minutes 3 sclerosis 
symptoms * & range of motion * eburnation 
are not * crepitus 
systemic | 


involved joints include: 

* hands: DIP joints have Heberden's nodes, PIP joints have Bouchard's nodes, "squared" thumb base 
* spine: joints show osteophytes on x-ray 

* hips 

* knees 


osteoporosis €D 


risk factors: 
e genetics ^ ——————————- imbalance occurs 
* alcohol during bone 
* smoking remodeling between 
* low calcium diet 
* low vit D diet 
* low physical activity osteoblasts lay down 
* female bone resorption or turnover bone formation —— collagen type 1 and other 
* low baseline bone density proteins 
as a young person 


osteoclasts break down —— these become new sites for followed by a much 
bony matrix and form slower remineralization phase 
lacunae 
but as rate of bone turnover 
exceeds bone formation 
more bone enters 


Slow mineralization 
phase (lasts several months) 


Y 
trabecular structural 
continuity is disturbed 


which means more bone 
is in a weakened state 


Y 
causing irreversible 
weakening of bone 


Y asymptomatic but 
decreased bone mass ——= can be detected via a 
DEXA scan T score « - 2.5 
increased risk 

of fragility fractures: 


* vertebral compression fracture (most common) + 
* wrist (Colles fracture) osteoporosis 
* hip fracture 
2 types 
primary 
osteoporosis: 
* menopause 
secondary 
osteoporosis: 


* hyperparathyroidism (see map) 
* medications including steroids, 
heparin, antiepileptics 


* immobilization multiple factors involved: 


A glucararticoid excess * decreased calcium and 
(see Cushing's map) phosphate absorption / intake 
* hyperthyroidism (see map) * decreased estrogen 


* hypogonadism levels after menopause 


abnormal 
bone T5 
mineralization 
Y *litle or no exposure to sunlight ________ 
pots ce ~ s * dark skin pigmentation 
some cases 
caused by 
phosphate * poor diet 
#efigiensy + poor maternal nutrition - --------- 
ra & * celiac sprue 
B8 * pancreatic insufficiency 
deranged E 
phosphorus Y ui a 
homeostasis due to: caused mainly by caused by t w 
* chronic antacid use vitamin D —— — T multiple mechanisms S > liver disease ------------ 
* X-linked hypophosphatemia deficiency including: 5 
* Fanconi syndrome 2 
* renal tubular acidosis $ 
M t 
leads to S 
J calcium absorption 5 
from intestines w 
g 
' = * renal disease 
hypocalcemia causes ¢ serum E .1 alpha-hydroxylase deficiency - - - - -- 
stimulates  ——* alkaline phosphatase due 5 (hereditary vitamin D 
PTH secretion - to ¢ bone turnover dependent rickets Type l) 
2° hyperparathyroidism 
(see map) 
calcitriol receptor deficiency or defect 
pauses (hereditary vitamin D — — —.— ^ 
hypophosphatemia dependent rickets Type Il) 
through urinary 
excretion 


| 


affects bone 


OSTEOMALACIA AND RiCKETS €p 


"blunts" hypocalcemia 


mineralization temporarily by 
even if serum calcium ve | 
Š * 
minu J), calcium xN salkin f calcium activates 
osteoid laid down excretion resorption from absorption a 1 hydroxylase 
by osteoblasts is from kidneys Bane from gut in the kidney 
not adequately 
mineralized | | M cil 
1? activation 
{ but eventually of vit D to calcitriol 
excess unmineralized jer arn 
bone matrix Camndevpiap 
in children | inadults | 
Y x 
interferes with deranges — , weakens bone 
growth plate = bone remodeling = structure 
rickets osteomalacia | 
| * bone pain 


excess epiphyseal 
cartilage causes 
loss of structural rigidity = 
rachitic process 


— 


* waddling gait 
* muscle weakness 
* pseudofractures 


gross skeletal 
deformities result: 
* craniotabes 

* rachitic rosary 

* frontal bossing 

* pigeon breast 

* lumbar lordosis 
* bowing of legs 


dehydrocholesterol 
(in epidermis) 


lc 
"| HU 


Vit Ds 
is absorbed 
by intestine 


Y 
> Wansported to 
liver 


KC 
25 hydroxylase 


Y 
25(OH) Vit D 
calcidiol 


Y 
- transported to 
kidneys 


"n 


1 alpha- 


Y 


1,25(OH); Vit D = 
> calcitriol 
(active form) 


ALZHEIMER'S DISEASE END 
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PARKINSON'S DISEASE EB 


mulitple and unknown 
etiologies | 


* sporadic (most common) 
* familial (for example: alpha synuclein, parkin, DJ-1 mutations} 
* secondary forms: environmental, drugs (typica! antipsychotics), MPTP insecticide exposure, head injury 


| 


3 major mechanisms which may interconnect different etiologies 
to common endpoint of dopaminergic neuronal loss 


"di | E 


may in turn mitochondrial oxidative ubiquitin proteosome 
exacerbate dysfunction and nitrosative stress system dysfunction 
. abnormalities related | | 
alpha synuclein -— to the mitochondrial damages: prevents breakdown 
protein aggregation complex lead to * lipids of cytotoxic proteins 
* proteins 
* DNA 
€ reactive oxygen ; 
species (ROS) I. ATP formation 
hile survivin T 
Lind d gaan ot 
T resi 
lewy bodies = ~~ dopaminergic 
Was neurons 
eosinophilic 
intracytoplasmic mainly affects dopaminergic D in dopamine levels 
proteinaceous neurons found within the affects the cortico-basal ganglia loop via 2 pathways 
inclusions substantia nigra pars compacta 


1) excitation $ inhibition 

of the direct pathway ofthe indirect pathway 

no promotion of movement unchecked inhibition of 

via the thalamic nuclei movement via thalamic nuclei 


| | 
I 


results in a net effect of 
inhibition of cortical motor pathways = 
hypokinetic movement disorder 


motor symptoms: 

* bradykinesia 

* asymmetric resting tremor (pill rolling) 
* cogwheel rigidity 


* dyskinesia 

+ shuffling gait non-motor symptoms: 

* postural instability * slow cognitive abilities 
* masked facies «dementia 

* hypophonia * depression or anxiety 
* micrographia * psychosis 


* urinary and bowel dysfunction * sleep disorder 


genetic mutation 

of chromosome 4 
occurs in autosomal 
dominant fashion 


leads to development of CAG — repeats > 40 


trinucleotide repeats "i 
which code for glutamine higher # of repeats = 


earlier onset of disease 


Y 
overexpression of glutamine 
occurs within mutant 
huntingtin protein 


: roteolytic processin 
exact function of proteolytic p g 


huntingtin protein 


fragments aggregate into 
produces fragments of ^ —— intranuclear inclusions ——, I or indirectly lead to —— and death occurs 


HUNTINGTON'S DISEASE QA. 


could directly neuronal degeneration 


UREA Butis polyglutamine tracts and bind ubiquitin neuronal cell death via apoptosis 
associated with: | 

* vesicle membranes 

* microtubules role of aggregates is probably interferes 

* endocytosis controversial: — with normal neuronal 

* intracellular trafficking * cytotoxic? 

* membrane recycling * neuroprotective? 


damaged striatal neurons 
exert less inhibition 
upon the external 
globus pallidus (GP) 


-—— —— — 


GP increases 
inhibition of the 
subthalamic nuclei 


I 


subthalamic nuclei 
decrease excitation of 
internal globus pallidus (IGP) 


| 


IGP exerts less 
inhibition of thalamus 


overstimulation 

of the motor cortex = hyperkinetic 
movement disorder characterized by 
irregular jerky movements or 

chorea 


mainly affects the 
striatum causing atrophy of putamen and caudate 


indirect pathway 


Mi 


later affects the striatum decreases 
direct pathway inhibition of 
internal globus pallidus (IGP) 


IGP is able to exert more 
inhibition of thalamus 


| 


less stimulation of 
motor cortex 


slowing down of 
motor movements = 
athetosis 


t 


other signs and symptoms include: 


* clumsiness 
* slow saccadic eye movements P 
y ultimately fatal due to 
“Temen problems aspiration pneumonia or 
* concentration problems E— mp 7 
i suffocation secondary to dysphagia 
* depression 
* paranoia 


* hallucinations 
* dementia 
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epidural nd 


hematoma 


bleeding into brain 
parenchyma 


4 classifications 
based on location 


subdural 
rupture of commonly caused by hematoma 
middle meningeal ” fracture of temporal bone | 
artery rupture 
| of bridging veins 
arterial pressure venous blood 
causes hemorrhage fills potential 
to expand rapidly space between 
formsa crescent dura and subarachnoid traumatic 
shaped 
hematoma 
pressure but hemorrhage 
separates dura — is contained within two types 
from the skull cranial sutures 
Loa acute chronic 
lens-shaped 
horas subdural subdural 
hematoma hematoma hematoma 
due to blood accumulates 
lucid interval trauma over weeks to months 
(no symptoms) | 
associated wtih 


| 


hematoma or hemorrhage 
compresses brain tissue = 


mass effect 
can cause ¢ intracranial 
ischemia pressure 
of surrounding 
tissues 
brain tissue can 
herniate 


elderly patients vague symptoms result 
| because atrophic brain 
has space to accommodate 


older brain atrophies —» accumulation of blood 


bridging veins 
are more vulnerable 


to tearing 

with minimal 

or no history 

of trauma symptoms include: 
* headache 
* cognitive impairment 
* unsteady gait 


* focal neurological deficits 


INTRACRANIAL HEMORRHAGE QED 


risk factors include: 

* chronic hypertension (see map) 
* vascular malformations 

* brain tumors 

* platelet and coagulation disorders 
* cocaine 

* cerebral amyloid angiopathy 


intracranial or 
intraparenchymal 
hemorrhage (ICH) 


pe 2 types — 


non-traumatic 


bleed into 
brain parenchyma 


| 


hematoma forms 


focal neurological 
deficit via mass effect 


subarachnoid 
hemorrhage (SAH) 


sudden rupture 

of major blood 

vessel located between 
arachnoid and pia 


2 types 


| 


non-traumatic traumatic 


| | 


most commonly due to bleed into eg.cerebral 
arterial aneurysm cerebrospinal contusions 
(berry or saccular) fluid 
spontaneous 
rupture leads to 
| meningeal 
¢ intracranial irritation 
pressure can lead | 


to brain herniation ius : 
clinical presentation: 


* "worst headache of my life" 


* lethargy 
followed by * photophobia 
cerebral vasospasm ^ .phonophobia 

* fever 

* nuchal rigidity 
* Seizures * Kernig sign 


* ischemic stroke * Brudzinski sign 


(see map) 


4 major 


mechanisms of 
ischemic stroke embolic 


stenotic 


ISCHEMIC STROKE QED 


from heart = 
cardiogenic embolus 
* atrial septal defect 


natrowed cerebral artery clot is formed oc a + atrial fibrillation 
due to: outside of cerebral ~— tiom fet? 
* most commonly atherosclerosis (see map) vasculature places 
* vasculitis outside of the heart = 
enters cerebrovascular SN non-cardiogenic embolus: 
, eventually circulation : ^ 
global thrombotic ~—— leads to thrombosis aaa ba 
ischemia 1 
dpt POPSET clot forms within 
caused by: 


* cardiac arrest 


* shock 


& cerebral blood 


a cerebral artery 


» 
flow for more than 


*- several seconds = 


* severe hypotension 


hypoxic ischemic 
encephalopathy 


cerebral ischemia 


| 


energy 
cells surrounding deprivation 
necrotic center = kills cells 
a 


membrane 


ion pumps fail 


ischemic at center 
penumbra of ischemic 
focus first 
without intervention 
cells become transmembrane 
vulnerable to ion gradient 
damage via is lost 
inhibits 
glutamate 
rÁ uptake 
Y 
excessive 
extracellular 
glutamate levels 
Y " 
constant stimulation . induces cell 
of glutamate receptors = — apoptosis 


release 
neurotransmitters 


excitotoxicity 


calcium and sodium 
enter cells 


more 


including more —7— CePolarization — calcium = 


glutamate 


enters cell 


activates _, death ofbrain_, ischemic , associated with 


stroke focal ischemia -— 1 affected 


enzymes: 
* proteases 

* phospholipases 
* endonucleases 


neurons and glial celis 


cannot metabolize glucose 
| without oxygen 


L. 


ischemic damage 
further accelerated 
by inability to 
switch to anaerobic 
metabolism 


resulting 
clinical . 
manifestations size of 


vessel 


associated with 

chronic HTN 

(see map) which 
small vessel _ causes athero- 
infarct or eT thrombotic or 


lacunar lipohyalinosis or 
infarcts thickening of vessel 
within 


deep N lacunar syndromes: 
structures * pure motor stroke 
* pure sensory stroke 


posterior circulation 
supplied by vertebral arteries 


supplies only 1/5 of brain but 
this includes the brainstem 


depend upon 
3 factors location 
| in cerebral 
. vasculature 
flow is affected | 
quickly restored 
" Y 
before neurons die "ES 7 " 
anterior circulation 
| supplied by 
symptoms are transient = carotid arteries 
transient ischemic 
attack (TIA) T. 
supplies 
most of brain cortex 


stroke lente 

* anterior cerebral artery 
* middle cerebral artery 
* internal carotid artery 


| 


stroke territories: 

* posterior cerebral artery 

* basilar artery 

* vertebral artery 

* posterior/infereior cerebellar arteries 
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onset of 
perimenopause 


caused by combination of ie 
aging ovaries ——__________, 


Y 
aging endocrine axis 


Y 
"disorderly" pulses 
of GnRH released 
by hypothalamus 


PR 


anterior pituitary responds 
by releasing 


Y 
disproportionately 
high levels of 
FSH compared 
to LH 


FSH attempts to 
compensate for 
decreasing 
ovarian function 


| 


initially follicular 


secretion of estradio! 


remains normal 


quantity of follicles 


MENOPAUSE. €» 


leads to a 
decrease in 


quality of 
follicles 
i 
makes ovary makes less 
less responsive inhibin 
to normal levels 
of gonadotropins | 


less negative 
feedback on 
hypothalamus and 
anterior pituitary 


stimulates the anterior pituitary ao | 


to produce more gonadotropins 


ultimately 
— rO "follicular exhaustion" 
OCCUIS 


Y 
i estrogen 
produced by ovaries 


Y 
endometrium 
does not grow 


Y 
# of cycles decrease 
while duration of cycle increases 


Y 
eventually 
menses stops altogether 


' 


menopause - lack of menses for 1 year 


menopausal syndrome: physical changes: 


* vasomotor instability 


* atrophy of vaginal epithelium 


* hot flushes * changes in vaginal pH 

* night sweats * J, in vaginal secretions 

* mood changes * J in vaginal/uterine circulation 
* sleep disturbances * pelvic relaxation 

* loss of libido * loss of vaginal tone 


+ > risk for cardiovascular disease 
* osteoporosis (see map) 


LH:FSH » 2 
classic ratio 
(but not always seen) 


ft frequency 
of GnRH pulses 

released from 

hypothalamus 


POLYCYSTIC OVARY SYNDROME Ð 


= 


Y 
causes pituitary 
gland to preferentially 
make more LH than FSH 


' 
f LH 


| 


theca lutein cells 
make more androgen 
precursors from 
cholesterol 


increased 
risk of developing 
DM type 2 
(see map) 
and 
gestational 
diabetes 


begins 
vicious cycle by 
further 
decreasing 
testosterone 
binding globulin 


Y 
~+— associated with ———r associated 


insulin resistance/ 
hyperinsulinemia 


with 
obesity 


& sex binding 
globulin 


production in liver 


Y 
leads to 


¢ free testosterone 


T 
4, lipoprotein 
lipase activity 


— F Lp  O- .— 


— pregnenolone 


constantly low or 
low-normal levels 
of FSH 


continuous 


stimulation of follicles 


without maturation 
of single ovum 


polycystic ovaries = 
necklace sign on 


progesterone 
ultrasound 


17-OH progesterone 


1 amounts of 
androstenedione 


mostly converted to 
testosterone 


` 


* hirsutism 
* acne 


atherogenic 
lipid profile: 
g% HDL 

f$ TG 


could be contributing 


granulosa cells 
secrete less estradiol 


to abnormal 
GnRH pulses 


| 


less progesterone 
produced 


Y 


* oligomenorrhea ——— anovulation/ 


* amenorrhea 


aromatase 
converts some 


————— ————- androstenedione 


to estrone 
in granulosa cells 


estrone converted 
peripherally to 
estradiol 


infertility 


g sex binding 
globulin 
causes 

more circulating 
estradiol 


unopposed and chronic 


estrogen 


| 


4 risk of 
endometrial cancer 


Y 
allows 


for 


L—————À- exposure of endometrium to 


predisposing factors: 
* primigravida 

* multifetal pregnancy 
* diabetes mellitus 

* hypertension | 
* hydatidiform mole 

* family history of preeclampsia 
* obesity 

* renal disease 


contribute to an abnormal 
— — ——- "maternal vascular response" 
to implantation 


normally implantation 
induces maternal 
uterine vasculature 
to undergo 2 major 
lypes of change to 


PREECLAMPSIA/ECLAMPSIA €D 


support placental 
development 
| 
morphological 
changes biochemical 
changes 
tin Qin 
diameter of muscular and 


elastic components 


blood vessels 
of blood vessels 


` get 


these changes 
allow more blood 
to perfuse 
placenta 


but unclear mechanism 


{t vasodilators and 
QJ vasoconstrictors 


intrauterine growth retardation 


if left untreated — s 
and hypoxia 


placental abruption / infarction 


prevents this from happening — —  -tWx” placental ischemia 


adequately 


| oligohydraminos 
causes the release 
of an unknown factor 
more ischemia and damages 
damage to endothelium vascular endothelium 
| | 
first placental — , then maternal 
vasculature is affected vasculature is affected 
starts vicious cycle of system wide endothelial 
more hypoperfusion dysfunction 
Fi | damage to endothelium 
1? vasconstriction glomerular capillaries exposes basement 
| relative to vasodilation leak protein membrane to platelets 
hypoperfusion | 
Y 
I . systemic HTN proteinuria » 3 g/24 hrs platelets aggregate and activate 
CNS liver kidney > 140/90 at 20+ wks or 2+ protein on urine dipstick clotting cascade (see map) 
i | | gestation 
* headaches abdominal GFR goes hypercoagulable 
* visual changes pain down 
* stroke | | ; ^ N i 
microthrombi thrombocytopenia 
abnormal 4} BUN, Cr, and . (see map) 
liver enzymes uric acid preeclampsia «—— 
| stroke | 
(see map) this could be a part of 


can progress or be 
superimposed onto 
HELLP syndrome*: 

* hemolysis 

* elevated liver enzymes 
+ low platelet count 


if left untreated this condition 
can progress 
to seizures = eclampsia 


HELLP syndrome* 


Normal blood (B), plasma (P), or serum (S) values 


System International 


Fluid Reference Range Reference Range 
Alanine aminotransferase (ALT) S 8-20 U/L 0.13-0.33 kat/L 
Aldosterone, with normal sodium S Supine: «16 ng/dL «444 pmol/L 
intake of 100-200 mEq/day Upright: 4—31 ng/dL 111-860 pmol/L 
Arginine vasopressin P 1.0-13.3 pg/mL 1.0-13.3 ng/L 
Aspartate aminotransferase (AST) S 9-40 U/L 0.15-0.67 kat/L 
Bicarbonate, arterial P 22-26 mEq/L 22-26 mmol/L 
Bilirubin, total S 0.1-1.0 mg/dL 2-17 mol/L 
Calcium S 8.4—10.2 mg/dL 2.1-2.6 mmol/L 
Carbon dioxide (PCO,), arterial B 35-45 mm Hg 4.7—6.0 kPa 
Chloride ES 95-105 mEq/L 95-105 mmol/L 
Cholesterol, recommended S <200 mg/dL <5.2 mmol/L 
Cortisol S 0800 h: 5-23 g/dL 138-635 nmol/L 
1600 h: 3-15 g/dL 82-413 nmol/L 
2000 h: <50% of 0800 h value <0.50 of 0800 h value 
Creatine kinase S Female: 10-70 U/L 0.17-1.17 kat/L 
Male: 25-90 U/L 0.42-1.50 kat/L 
Creatinine S 0.6-1.2 mg/dL 53-106 mol/L 
1.25-Dihydroxyvitamin D S 16-42 pg/mL 38-101 pmol/L 
25-Hydroxyvitamin D S 8-80 ng/mL 20-200 nmol/L 
Estradiol BS Female 
Prepubertal: <20 pg/mL <73 pmol/L 
Premenopausal adult: 
23-361 pg/mL 84-1325 pmol/L 
Postmenopausal adult: 
<30 pg/mL <110 pmol/L 
Male: <50 pg/mL <184 pmol/L 
Ferritin S Male: 15-200 ng/mL 15-200 g/L 
Female: 12-150 ng/mL 12-150 g/L 
Follicle-stimulating hormone S Male: 4-25 mIU/mL 4-25 U/L 
Female: 
Premenopause: 4-30 mIU/mL 4-30 U/L 
Midcycle peak: 10-90 mIU/mL 10-90 U/L 
Postmenopause: 40-250 mIU/mL 40-250 U/L 
Glucagon P 50-200 pg/mL 50-200 ng/L 
Glucose S Fasting: 70-110 mg/dL 3.9—6.1 mmol/L 


2-h postprandial: «140 mg/dL 


«7.8 mmol/L 


€ APPENDIX A 


System International 


Fluid Reference Range Reference Range 
Growth hormone P 2.0-6.0 ng/mL 2.0-6.0 g/L 
HDL cholesterol, as major risk 
factor S <35 mg/dL «0.91 mmol/L 
Insulin S 0-29 U/mL 0-208 pmol/L 
Iron S 50-170 g/dL 9-30 mol/L 
Lactate dehydrogenase S 100-190 U/L 1.7-3.2 kat/L 
LDL cholesterol, desirable S «130 mg/dL <3.36 mmol/L 
Luteinizing hormone S Male: 6-23 mIU/mL 6-23 U/L 
Female 
Follicular phase: 5-30 mIU/mL 5-30 U/L 
Midcycle: 75-150 mIU/mL 75-150 U/L 
Postmenopause: 30-200 mIU/mL 30-200 U/L 
Magnesium S 1.5-2.0 mEq/L 0.75-1.0 mmol/L 
Osmolality ES 275-295 mosm/kg H,O 275-295 mosm/kg H,O 
Oxygen content, arterial B 17-21 mL/dL 0.17-0.21 L/L 
Oxygen saturation, arterial B 96-100% 0.96-1.00 mol/mol 
Oxygen tension (PO,), arterial B 75-100 mm Hg 10.0-13.3 kPa 
Parathyroid hormone P 10-60 pg/mL 10-60 ng/L 
pH, arterial B 7.35-7.45 [H^] 35-45 nmol/L 
Phosphatase, alkaline S 20-70 U/L 0.33-1.17 kat/L 
Phosphorus, inorganic S 3.0-4.5 mg/dL 1.0-1.5 mmol/L 
Potassium S 3.5-5.0 mEq/L 3.5-5.0 mmol/L 
Prolactin S Female 
Nonpregnant: 3-30 ng/mL 3-30 g/L 
Pregnant: 10-209 ng/mL 10-209 g/L 
Postmenopausal: 2-20 ng/mL 2-20 g/L 
Male: 2-18 ng/mL 2-18 g/L 
Proteins 
Total S 6.0-7.8 g/dL 60-78 g/L 
Albumin S 3.5-5.5 g/dL 35-55 g/L 
Globulin S 2.3-3.5 g/dL 23-35 g/L 
Sodium S 136-145 mEq/L 136-145 mmol/L 
Testosterone, total, morning P Male: 300-1100 ng/dL 10.4—38.1 nmol/L 
Female: 20-90 ng/dL 0.7-3.1 nmol/L 
Thyroid-stimulating hormone S 0.5-5.0 U/mL 0.5-5.0 mU/L 
Thyroxine (T,), total S 5-12 g/dL 64-155 nmol/L 
Triglycerides, fasting S 35-160 mg/dL 0.4—1.8 mmol/L 
Triiodothyronine (T.) S 115-190 ng/dL 1.8-2.9 nmol/L 
Urea nitrogen (BUN) S 7-18 mg/dL 2.5-6.4 mmol urea/L 


Uric acid 


ga 


3.0-8.2 mg/dL 


0.18-0.49 mmol/L 


Hematologic values 
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Blood volume 


Male: averages 69 mL/kg body weight 


Female: averages 65 mL/kg body weight 


Plasma volume 


Male: 25-43 mL/kg body weight 
Female: 28-45 mL/kg body weight 


0.025-0.043 L/kg body weight 
0.028-0.04.5 L/kg body weight 


Erythrocyte count 


Male: 4.3-5.9 H 10°/mm? 
Female: 3.5-5.5 H 105/mm? 


4.3-5.9 H 10/L 
3.5-5.5 H 10"/L 


Erythrocyte sedimentation rate Male: 0-15 mm/h 0-15 mm/h 
Female: 0-20 mm/h 0-20 mm/h 

Hematocrit Male: 41-5396 0.41-0.53 
Female: 36-46% ` 0.36-0.46 


Hemoglobin, blood 


Male: 13.5-17.5 g/dL 
Female: 12.0—16.0 g/dL 


2.09-2.71 mmol/L 
1.86-2.48 mmol/L 


Hemoglobin A, 


Leukocyte count and differential 
Leukocyte count 
Segmented neutrophils 
Bands 
Eosinophils 
Basophils 
Lymphocytes 
Monocytes 


Mean corpuscular hemoglobin 
Mean corpuscular hemoglobin conc. 


Mean corpuscular volume 


#6% of total Hb 


40.06 of total Hb 


4500-1 1,000/mnm? 
45-74% 

0-4% 

0-7% 

0-2% 

16-45% 

4-10% 


25.4—34.6 pg/cell 
31-36 g/dL 
80-100 m? 


Partial thromboplastin time, activated 


25-40 seconds 


4.5-11.0 H 10?/L 
0.45-0.74 
0.00-0.04 
0.00-0.07 
0.00-0.02 
0.16-0.45 
0.04—0.10 


0.39-0.54 fmol/cell 
4.81—5.58 mmol Hb/L 
80-100 fL 


25-40 seconds 


Platelet count 


150,000-400,000/mm? 


150-400 H 10?/L 


Prothrombin time 


11—15 seconds 


11-15 seconds 


Red cell distribution width 


11.5-14.5% 


0.115-0.145 


Reticulocyte count 


0.5--1.596 of red cells 


0.005-0.0015 


Abscess, 47 
Acetylaldehyde, 107 
ACh receptor antibodies, 217 
Achlorhydia, 79 
Acid base balance, 133, 135, 137, 139, 141 
Acid fast bacilli, 173 
Acid load, 133, 135, 137 
Acidosis. See Diabetic ketoacidosis; Metabolic 
acidosis: Respiratory acidosis 
Acquired immune deficiency syndrome. 
See AIDS 
ACTH (adrenocorticotropic hormone), 191, 193 
Activated partial thromboplastin time. See aPTT 
Activated protein C, 65 
Acute flare, 55 
Acute myeloblastic leukemia. See AML 
Acute renal failure. See ARF 
Acute respiratory distress syndrome. See ARDS 
Addisonian crisis, 191 
Addison's disease. See Adrenal insufficiency 
Adenoma 
parathyroid, 189 
pituitary, 193 
ADH (antidiuretic hormone). 195, 197 
Adrenal gland. 191, 193 
Adrenal insufficiency, 191 
Adrenal neoplasms, 193 
Adrenocorticotropic hormone. See ACTH 
Adult T cell leukemia, 85 
AFB positive sputum, 173 
AIDS (acquired immune deficiency 
syndrome), 163 
AIDS-defining illnesses, 163 
Airway inflammation, 41 
Airway obstruction, 41 
Alanine aminotransferase, 237 
Alcoholic hepatitis, 107 
Aldosterone, 191, 237 
Alkaline phosphatase, 207, 238 
Alkalosis 
chloride resistant. 137 
chloride responsive, 137 
metabolic, 137 
respiratory, 41, 141 
Allergic rhinitis, 145 
Alpha synuclein, 213 
Alpha thalassemia, 71 
Aluminum intoxication, 185 
Alveolar damage, diffuse, 45 
Alveolar dead space, 43 
Alveolar hypoventilation, 137 
Alveolar macrophages, 173 
A 
A 


z 


veolar walls, 39 

zheimer's disease, 211 

Amenorrhea, 229, 233 

AML (acute myeloblastic leukemia), 83 
Amylase, 95 

Amyloid angiopathy, 211 

Amyloid precursor protein, 211 


Anaphylatoxin, 3 
Anaphylaxis. 3 
Androgen, 191, 229 
Anemia, 31, 91, 119 
aplastic, 83 
of chronic disease, 75 
hemolytic, 51, 64, 71 
iron deficiency, 77 
megaloblastic, 51, 67 
microangiopathic hemolytic, 61 
microcytic, mild, 73 
normocytic normochromic, 115 
pernicious, 79 
sickle cell, 51 
Angina, 27, 31, 33 
Anion gap metabolic acidosis, 177 
non anion gap v., 133, 135 
Anorexia, 23, 35 
Anovulation, 233 
ANP (atrial natriuretic peptide), 21 
Anterior descending artery, left, 31 
Anterior pituitary, 181. 193 
Antibodies 
ACh receptor, 217 
humoral immunodeficiencies relating to. 153 
p-ANCA, 91 
Antibody dependent cellular cytotoxicity, 147 
Antidiuretic hormone. See ADH 
Antigen presenting cell. See APC 
Antigens 
endogenous, 149 
exogenous, 149 
immune mediated disorders relating to, 145, 
147, 149, 151, 157 
thymus dependent, 9 
thymus independent, 9 
Antithrombin III deficiency, 65 
Aortic regurgitation, 29 
Aortic stenosis, 27 
APC (antigen presenting cell), 7, 41, 65, 93, 163 
Aplastic anemia, 83 
Apoptosis, 7. 171, 225 
aPTT (activated partial thromboplastin time), 
5, 159 
Aquaporins, 195, 197 
ARDS (acute respiratory distress syndrome), 35, 
45,47 
ARF (acute renal failure) 
intrarenal or intrinsic, 113 
post renal, 113 
pre renal, 113 
Arginine vasopressin, 237 
Arterial pressure, 21 
pulmonary, 43 
Arteries. See specific entries 
Arthritis, 55. See also Mono or oligoarthritis; 
Osteoarthritis 
rheumatoid, 149, 201 
symmetric, 201 


Arthus reaction, 149 

Articular cartilage, 203 

Ascites, 23, 35, 101 

Aspartate aminotransferase, 237 

Asterixis, 115 

Asthma, 41, 145 

Asymptomatic heart failure, 21 

Asymptomatic hyperuricemia, 55 

Ataxia-telangiectasia, 155 

Atelectasis, 43, 45 

Atheroma, 33 

Atherosclerosis, 31, 33, 115, 
179,225 

Athetosis, 215 

Atrial fibrillation, 29 

Atrial natriuretic peptide. See ANP 

Atrium, 23, 35 

Atrophic thyroiditis, 183 

Auer rods, 83 

Autoantibodies, 159 

Autoantigens, 159 

Autoimmune disease, 219 

Autosplenectomy, 51 

Axonal injury, 219 

Azotemia, 115, 171 


B cells, 9, 41, 201 
Bacteria 
endocarditis relating to, 165 
meningitis relating to, 167 
UTI relating to, 169 
Bacterial cystitis 
acute uncomplicated, 169 
complicated, 169 
Bacterial meningitis, 167 
Barrett's epithelium, 89 
Barts hemoglobin, 71 
Bernard-Soulier syndrome, 63 
Beta thalassemia, 73 
Bicarbonate, arterial, 237 
Bile, 97 
Bile duct. common, 97 
Biliary colic, 97 
Bilirubin, total, 237 
Blood. See also RBC 
(red blood cells) 
hemoglobin, 239 
BNP (brain natriuretic peptide), 21 
Bone disorders. See Rheumatologic and 
bone disorders 
Bone formation, 205 
Bone marrow, 51, 67, 75, 77, 85, 
153,155 
Bone marrow expansion, 73 
Bone marrow hyperplasia, 71 
Bone resorption or turnover, 205 
Bony ankylosis, 201 
Bouchard’s nodes, 203 


€ INDEX 


Bradykinin, 5 

Brain natriuretic peptide. See BNP 
Bronchitis, chronic, 39 
Bronchoconstriction, 41 


C3 convertase, 3 
C5 convertase, 3 
Calcium, 185, 187, 217, 237 
Calcium homeostasis, 185, 187 
Cancer, endometrial, 233 
Carbon dioxide, arterial, 237 
Cardiac enzymes, 31 
Cardiac output 
congestive heart failure relating to. 21, 
20.145 
deep vein thrombosis and pulmonary embolism 
relating to, 43 
left sided heart failure relating to, 23, 25 
right sided heart failure relating to, 23, 27, 
39, 43 
Cardiogenic embolus, 225 
Cardiomyopathy, dilated, 25 
Cardiovascular disorders 
atherosclerosis, 33 
congestive heart failure, 21, 27, 115 
cor pulmonale, 35, 43 
left sided heart failure, 23, 25 
myocardial ischemia and infarction, 31, 
225 
right sided heart failure, 23, 27, 39, 43 
valvular regurgitation, 27, 29 
valvular stenosis, 27, 29 
Cartilage metabolism, 203 
Cavitation, 173 
CCR5 chemokine receptor, 163 
CD4 T cells, 9, 41, 93, 163, 201 
Cell-mediated cytotoxicity, 151 
Cell-mediated immune response, 177 
Cell-mediated immunity, phases of 
activation, 7 
effector, 7 
Cell-mediated inflammatory response, 
z 9 
Cells. See specific entries 
Cellular immunodeficiencies, 155 
Cellular reactions, to acute inflammation, 11 
Central diabetes insipidus, 195 
Central nervous system. See CNS 
Centroblasts, 9 
Cerebral ischemia, 225 
CFTR (cystic fibrosis transmembrane 
conductance regulator) protein, 53 
& chains, 71, 73 
B chains, 71, 73 
Charcot's triad, 97 
Chloride channel, 53 
Chloride resistant alkalosis, 137 
Chloride responsive alkalosis, 137 
Cholangitis, 97 
Choledocholithiasis, 97 
Cholelithiasis, 97 
Cholesterol. 97, 237, 238 
Cholesterol crystals, 97 
Chorea, 215 
Chromosome 4, 215 
Chronic obstructive pulmonary disease. See COPD 
Chronic productive cough, 39 
Circulating immune complex, 149 


Circumflex artery. 31 
Cirrhosis, 81. 101 
CNS (central nervous system), 33, 127, 
171,219 
Coagulation cascade, 43, 171 
factors relating to, 5 
pathways of 
common, 5.65 
extrinsic, 5, 61 
intrinsic, 5, 59. 63, 65 
Coagulation, disseminated intravascular. 61. 
67.171 
Collagen. 203 
Colon, 91 
Colonic mucosal immune system. 91 
Common bile duct, 97 
Common variable immunodeficiency 
syndrome, 153 
Community acquired pneumonia. 47 
Community acquired UTI, 169 
Compensated ostcoarthritis, 203 
Complement cascade, 147, 201 
as part of immune system, 3 
pathways of 
alternative, 3 
classic, 3 
MB-lectin, 3 
Concentric hypertrophy, 25, 27 
Congestive heart failure, 21, 27. 115 
Contact dermatitis, 151 


COPD (chronic obstructive pulmonary disease). 


33.99 
Cor pulmonale, 35. 43 
Coronary arteries, 31, 33 
Coronary vasoconstriction, 31 
Corticotropin. See CRH 
Cortisol, 237 
Creatine kinase, 237 
Crescent shaped hematoma, 223 
CRH (corticotropin), 191, 193 
Crohn's disease, 93 
Cryoglobinemia, 105 
Cushing's disease and syndrome, 193 
Cystic duct, 97 
Cystic fibrosis, 53 
Cystic fibrosis transmembrane conductance 
regulator protein. See CFTR protein 

Cytokines, 7, 41, 75, 91, 145, 167, 201 
Cytotoxic edema, 167 
Cytotoxicity 

antibody dependent cellular, 147 

cell-mediated, 151 
Cytotoxins, 7 


Deep vein thrombosis and pulmonary 
embolism, 43 
Delayed type hypersensitivity, 
151,179 
Demyelination and plaque formation, 
219 
Diabetes 
gestational, 233 
insipidus, 195 
mellitus, 81, 115 
type 1,177 
type 2,177,179 
Diabetic ketoacidosis, 177 
Diabetic neuropathy, 119 


Diapedesis, 11 
Diastolic volume, 21, 29 
Diffuse alveolar damage. 45 
DiGeorge syndrome, 155 
1,25-Dihydroxyvitamin D, 237 
Dilated cardiomyopathy, 25 
Disseminated intravascular coagulation. 61, 
67,171 

Dopaminergic neuronal loss, 213 
Dysfunctional anti-reflux barrier, 89 
Dysfunctional tissue resistance, 89 
Dyspnea, 39, 45 

on exertion, 27 

paroxysmal nocturnal, 25, 27, 29 


Eccentric hypertrophy, 25, 29 
Eclampsia, 235 
Edema, 41, 119, 197 
cytotoxic, 167 
interstitial, 167 
periorbital, 183 
peripheral, 23, 35 
pulmonary, 25, 27, 29, 43 
vasogenic, 167 
Effector T cells, 7 
Electrolyte disorders. See Fluid and 
electrolytes disorders 
Elevated liver enzymes, 23 
Emboli 
cardiogenic, 225 
non-cardiogenic, 225 
pulmonary, 35, 43, 165 
septic, 165 
thrombotic, 33 
Embolic ischemic stroke, 225 
Emphysema, 39 
Empyema, 47 
Endocarditis, 29 
bacteria relating to, 165 
classifications of, 165 
infective, 165 
Endocardium, 35 
Endocrine axis, aging, 231 
Endocrine disorders 
adrenal insufficiency, 191 
Cushing's disease and syndrome, 193 
diabetes insipidus, 195 
diabetes mellitus 
type 1. 177 
type 2, 177, 179 
hypercalcemia, 185, 187 
hyperparathyroidism, 185, 
189, 207 
hyperthyroidism, 181 
hypocalcemia, 187 
hypothalamus relating to. 181, 183. 
191, 193, 195 
hypothyroidism, 119, 183 
SIADH, 197 
Endogenous antigens, 149 
Endometrial cancer. 233 
Endometrium 
proliferative phase of, 229 
secretory phase of, 229 
Endothelial cells, 201 
Endothelial dysfunction, 33, 235 
Endothelial injury, acute inflammation 
relating to, 11 


Endothelium 

activation of. 7, 11 

vascular. injury to. 63 
End-stage liver failure, 105 
End-stage renal disease, 115, 117 
Eosinophils, 41 
Epidural hematoma. 223 
Epilepsy, 221 
Epileptic syndromes, 221 
Epileptogenesis, 221 
Epithelial cell dysfunction, 91, 173 
Erosive reflux discase, 89 
Erythroblastosis fetalis, 147 
Erythrocyte count, 239 
Erythrocyte sedimentation rate, 239 
Erythropoiesis, 71. 73, 75. 77, 81 
Erythropoietin, 75, 77 
Esophagastric junction, 89 
Esophageal adenocarcinoma, 89 
Essential thrombocytosis, 8 3 
Estradiol, 229, 237 
Estrogen, 231 
Euvolemic hypernatremia, 127 
Euvolemic hyponatremia, 125 
Excitotoxicity, 225 
Exocrine pancreatic function, defective, 79 
Exogenous antigens, 149 
Extracellular buffering, 133 
Extracellular fluid compartment. 125, 127 
Extracellular fluids, 133, 135, 137, 139, 141 
Extrahepatic manifestations, 103, 105 
Extra-pulmonary disease, 173 


Factors. See also ANP; BNP; Intrinsic 
factor receptors 
coagulation cascade relating to, 5 
hemophilias A & B relating to, 59 
primary hypercoagulable states relating 
to, 65 
Fat necrosis, 95 
Female reproductive system disorders 
amenorrhea, 229 
menopause, 231 
polycystic ovary syndrome. 233 
preeclampsia/cclampsia, 235 
Femoral veins. 43 
Ferritin. 75. 77. 81, 237 
Fetal hemoglobin. 73 
Fibrin, 5, 59, 61, 165 
Fibrinogen, 5, 59, 61 
Fibrinolysis, 5, 61 
Fibroatheroma, 33 
Fibrosis, 13, 39, 101, 107, 157 
cystic, 53 
pulmonary, 45 
Fibrous plaque, 33 
Fistulas, 93 
Fluid and electrolytes disorders 
anion gap v. non anion gap metabolic 
acidosis. 133, 135 
hyperkalemia, 131 
hypernatremia, 127 
hypokalemia, 129 
hyponatremia, 125 
kidneys relating to, 133, 135, 137, 
139, 141 
metabolic acidosis, 113, 133, 135 
metabolic alkalosis, 137 


respiratory acidosis, 41, 43, 139 
respiratory alkalosis, 41, 141 
Foam cells, 33 
Focal ischemia, 225 
Follicle-stimulating hormone. See FSH 
PSH (follicle-stimulating hormone), 
2341, 297 
Fulminant hepatitis, 103 


Gall bladder, 97 
Gastroesophageal reflux disease. See GERD 
Gastrointestinal disorders 
cholelithiasis, 97 
Crohn's disease, 93 
GERD, 89 
pancreatitis, 95 
ulcerative colitis, 91 
Gastrointestinal tract, 53, 75, 185, 187 
Genetic disorders 
cystic fibrosis, 53 
gout, 55 
sickle cell anemia, 51 
Genitourinary system, 53 
GERD (gastroesophageal reflux disease), 89 
Germinal center, 9 
Gestational diabetes, 233 
GFR (glomerular filtration rate), 113 
Glanzmann's thrombasthenia, 63 
& globin chains, 71, 73 
B globin chains, 71, 73 
& globin genes, 71, 73 
B globin genes, 71, 73 
Glomerular disease, secondary, 117 
Glomerular filtration rate. See GER 
Glomerulonephritides. 115, 117 
Glomerulonephritis, 117, 149 
Glomerulosclerosis. 115 
Glucagon, 237 
Glucocorticoid levels, 191 
Glucose, 177, 179, 237 
Glutathione supply, 107 
Gout, 55 
Gouty nephropathy, 55 
Graft rejections, 151 
Granuloma forms, 7, 157. 173 
Granulomatous reaction, 151, 185 
Growth hormone, 238 


Hairy cell leukemia, 85 
Hb Barts, 71 
HBV (hepatitis B virus). 103 
HCV (hepatitis C virus), 105 
HCV RNA, 105 
HDL cholesterol, 238 
Heart disease, rheumatoid, 29 
Heart failure 
asymptomatic, 21 
congestive, 21, 27 
left sided, 23, 25 
right sided, 23, 27, 39, 43 
signs and symptoms of, 21 
Heart murmurs, 29 
Heberden's nodes, 203 
Heinz bodies, 71 
HELLP syndrome, 235 
Hemarthrosis, 59 
Hematocrit. 239 
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Hematoma 
crescent shaped, 223 
epidural, 223 
subdural, 223 
Hematopoietic disorders 
alpha thalassemia, 71 
anemia of chronic disease, 75 
beta thalassemia, 73 
hemochromatosis, 73, 81 
iron deficiency anemia, 77 
lymphoid lymphomas and 
leukemias, 85 
macrophages relating to, 75, 
77,81 
mycloid lymphomas and leukemias, 
83 
vitamin B12 deficiency, 79 
Hematuria, asymptomatic, 117 
Hemochromatosis, 73, 81 
Hemochromatosis gene mutation, 81 
Hemoglobin, 77 
A. 79 
Ay ns 229 
Barts, 71 
blood, 239 
fetal, 73 
H disease, 71 
mean corpuscular, 239 
Hemoglobinopathy, 51 
Hemolysis, intravascular, 51 
Hemolytic anemia, 51, 61, 71, 73 
microangiopathic, 61 
Hemophilias A & B 
factors rclating to, 59 
pathways relating to, 59 
Hemoptysis, 27 
Hemorrhage 
intracranial, 223 
subarachnoid, 223 
Hemorrhagic pancreatitis, 95 
Hemosiderin, 81 
Hemostasis 
abnormal, 115 
primary, 17 
secondary, 5 
Hemostasis disorders 
disseminated intravascular coagulation, 61, 
GZs 171 
hemophilias A & B, 59 
platelet disorders, 63 
primary hypercoagulable states, 65 
thrombocytopenia, 61, 67 
Heparin induced thrombocytopenia. 
See HIT 
Hepatitis 
alcoholic, 107 
B, 103 
C, 105 
fulminant, 103 
Hepatitis B virus. See HBV 
Hepatitis C virus. See HCV 
Hepatobiliary, 53 
Hepatocellular carcinoma, 105, 107 
Hepatocytes, 107 
Hepatojugular reflex, 23, 35 
Hepatomegaly, 107 
Hepatorenal syndrome. 101 
Hepatosplenomegaly, 23, 35 
Hepcidin, 75, 81 
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High anion gap metabolic acidosis, 135 
Hirsutism, 233 
HIT (heparin induced thrombocytopenia), 67 
HIV (human immunodeficiency virus). 163 
Homoostasis 

calcium, 185, 187 

iron, 77 

phosphorus, 207 

sodium, 125,127, 197 

water, 195, 197 
Hormones. See also ACTH; ADH: FSH; PTH; 

STADH: TRH; TSH 

growth, 238 

luteinizing, 238 
Human immunodeficiency virus. See HIV 
Humoral immunity, 9 
Humoral] immunodeficiencies, 153 
Huntingtin protein, 215 
Huntington's disease, 215 
Hyaline membranes, 45 
Hydrocephalus, 167 
Hydronephrosis, 121 
25 Hydroxyvitamin D, 237 
Hyperbilirubinemia, 51 
Hypercalcemia, 185. 187 
Hypercapnia, 139 
Hypercarbia, 43 
Hyperchloremic metabolic acidosis, 135 
Hypercoagulability, 119 
Hypercoagulable state 

primary, 65 

of sepsis syndrome, 171 
Hypercortisolism. See Cushing's disease and 

syndrome 

Hyperexcitability. 221 
Hyperfiltration, 115 
Hyperglycemia, 125. 177, 179 
Hyperhomocysteinemia, 65 
Hyperinflation, of lungs, 39 
Hyperinsulinemia, 179, 233 
Hyperkalemia, 113, 131 
Hyperkinetic movement disorder. 215 
Hyperlipidemia, 117, 125 
Hypernatremia, 127 
Hyperparathyroidism, 185, 189, 207 
Hyperpigmentation, 191 
Hyperprotcinemia, 125 
Hypersensitivity, delayed type, 151, 173 
Hypersensitivity reactions 

acute inflammation relating to. 11 

type 1, 145 

type 2, 147 

type 3, 149 

type 4, 151 
Hypersynchronicity, 221 
Hypertension. 25, 115, 137 

chronic, 223 

malignant, 111 

pathogenesis of. 111 

portal. 101 

primary, 111 

pulmonary, 35, 45 

secondary, 111 
Hyperthyroidism. 181 
Hypertrophy 

concentric, 25. 27 

eccentric, 25, 29 

ventricular, 23, 31, 35. 111 
Hyperuricemia, 55 


Hyperventilation. 41, 141 
Hypervolemia. 197 

Hypervolemic hypernairemia, 127 
Hypervolemic hyponatremia, 125 
Hypoalbuminemia. 91, 119, 187 


:Hypocalcemia, 95, 155. 207 


calcium relating to. 187 

PTH relating io, 187 
Hypocapnia, 141 
Hypoglycemia, 107 
Hypokalemia. 129 
Hypokinetic movement disorder. 213 
Hyponatremia, 125. 197 
Hypoosmolar hyponatremia, 197 
Hypoperfusion, 43 
Hypophosphatemia, 207 
Hypotension, 31, 89 
Hypothalamic abnormalities, 229 
Hypothalamus 

endocrine disorders relating to, 181, 183. 

191, 193,195 
female reproductive system disorders relating 
to, 229, 231, 233 

Hypothyroidism, 119, 183 
Hypotonic polyuria, 195 
Hypoventilation. 139 
Hypovolemia. 171 
Hypovolemic hypernatremia, 127 
Hypovolemic hyponatremia, 125 
Hypovolemic shock. 45 
Hypoxemia, 41. 43 

refractory, 45 
Hypoxia, 39, 43, 51, 61 
Hypoxic ischemic encephalopathy, 225 


Idiopathic thrombocytopenic purpura. 
See ITP 
Iliac veins, 43 
Immune competent host, 47 
Immune complex, circulating, 149 
Immune deficiency, severe combined, 155 
Immune mediated disorders. See also AIDS 
cellular immunodeficiencies, 155 
humoral immunodeficiencies, 153 
hypersensitivity reaction 
type 1, 145 
type 2, 147 
type 3, 149 
type 4. 151 
sarcoidosis, 157 
systemic lupus erythematosus, 
149,159 
Immune response 
cell-mediated, 177 
innate, 3 
peripheral, 219 
primary adaptive, 9 
secondary adaptive, 9 
Tmmune system, 3, 75 
Infarction 
myocardial. 179 
myocardial ischemia and, 31, 225 
pulmonary, 43 
Infection. See also UTI 
acute inflammation relating to. 11 
cystic fibrosis relating to. 53 
of lungs, 47 
sickle cell relating io, 51 


Infectious disorders 
endocarditis, 165 
HIV, 163 
kidneys relating to, 171 
meningitis, 167 
sepsis syndrome, 171 
tuberculosis, 173 
UTI. 169 
Infective endocarditis, 165 
Infertility. 233 
Inflammation. See also SIRS 
acute 
cellular reactions to, 11 
endothelial injury relating to. 11 
hypersensitivity reactions relating to, 11 
infection relating to, 11 
trauma relating to. 11 
vascular reactions to, 11 
of airway, 41 
chronic 
etiologies of, 13 
rheumatoid arthritis relating to, 201 
tissue damage relating to, 13 
meningitis relating to, 167 
systemic lupus erythematosus relating to, 
149, 159 
tissue necrosis relating to, 11 
transmural, 93 
Inflammatory cytokines, 167 
Inflammatory response, cell-mediated, 7, 9 
Injury 
axonal. 219 
endothelial, 11 
to lungs. 45 
reperfusion, 45 
to vascular endothelium, 63 
Insulin, 177. 179. 238 
Interstitial edema, 167 
Intestinal absorption, 81 
Intestines, 53. 91 
Intracellular antigen, 151 
Intracellular buffering. 133 
Intracellular fluid compartment, 125, 127 
Intracellular fluids. 133, 135. 137, 139, 141 
Intracranial hemorrhage, 223 
Intracranial pressure, 167 
Intrarenal vasoconstriction, 113 
Intravascular coagulation. disseminated, 
61,67, 171 
Intravascular hemolysis, 51 
Intrinsic factor receptors, 79 
Iron, 238 
absorption of, 81 
TIBC ratio and, 77, 81 
lron deficiency anemia, 77 
Iron homeostasis, 77 
Ischemia, 27, 29, 33, 159. See also Hypoxic 
ischemic encephalopathy; TIA 
cerebral, 225 
focal. 225 
myocardial, 31 
placental, 235 
transient, 31 
Ischemic penumbra, 225 
Ischemic stroke. See also TIA 
embolic, 225 
global ischemia, 225 
stenotic. 225 
thrombotic, 225 


Isosmolar hyponatremia, 125 
ITP (idiopathic thrombocytopenic 
purpura), 67 


Jaundice, 23,35 

Joint space narrowing, 55 

Jugular venous distention. See JVD 
JVD (jugular venous distention), 35 


Kallikrein, 5 

Ketones/ketonuria. 177 

Kidneys 
fluid and electrolytes disorders relating 

io. 133, 135, 137, 139, 141 

infectious disorders relating to, 171 
metabolic acidosis relating to, 133, 135 
stone formation in, 121 

Kinin system, 11 


Lactate dehydrogenase, 238 
Large intestines, 91 
LDL cholesterol, 238 
Left sided heart failure, 23, 25 
Left ventricular end diastolic pressure, 27 
Left ventricular end diastolic volume. 
27,29 

Left ventricular end systolic pressure, 27 
Left ventricular end systolic volume, 29 
LES (lower esophageal sphincter), 89 
LES hypotension, 89 
Lesch-Nyhan. 55 
Leukemia 

adult T cell, 85 

hairy cell, 85 

lymphoblastic, acute, 85 

lymphocytic, 85 

lymphomas and 

lymphoid, 85 
myeloid, 83 

myelogenous, chronic, 83 
Leukocyte count and differential, 239 
Leukocytes, 11, 41 

adhesion relating to, 33 

meningitis relating to. 167 
Lewy bodies. 213 
Lipase, 95 
Liver disorders 

alcoholic hepatitis, 107 

cirrhosis, 101 

hepatitis B, 103 

hepatitis C, 105 

sepsis syndrome relating to, 171 
Liver enzymes, elevated, 23, 103, 105 
Liver failure, end-stage, 105 
Loop diuretics, 137 
Lower esophageal sphincter, See LES 
Lung epithelial cells, 39 
Lung parenchyma, 39, 45 
Lungs, 171 

A-a gradient, 43 

hyperinflation of, 39 

infection of, 47 

injury to. 45 

metabolic acidosis relating to. 133. 135 

metabolic alkalosis relating to. 137 

V/Q mismatch, 39, 43. 45, 47 


respiratory acidosis relating to, 1 39 

respiratory alkalosis relating to. 41, 141 
Lupus nephritis, 159 
Luteinizing hormone, 238 
Lymph nodes, 5 
Lymph-hematogenous spread, 173 
Lymphoblastic leukemia, acute, 85 
Lymphocytic leukemia 

chronic. 85 

small. 85 
Lymphoid follicle. primary, 9 
Lymphoid lymphomas and leukemias, 85 
Lymphomas 

Hodgkin's 85 

lymphoid, 85 

mantle cell, 85 

marginal zone, 85 

myeloid, 83 

Non Hodgkin's, 85 


Macrophages, 7. 13. 33, 67, 163 
alveolar, 173 
gastrointestinal disorders relating to. 91, 93, 
95 
hematopoictic disorders relating to, 75, 77. 81 
immune mediated disorders relating to, 147, 
151.157 
pulmonary disorders rclating to, 39, 47 
reticuloendothelial, 81 
Magnesium. 238 
Malignancy, hypercalcemia relating to, 185 
Malignant hypertension, 111 
Mannan binding lectin. See MBL 
Mantle cell lymphoma, 85 
Marfans syndrome, 29 
Marginal zone lymphoma, 85 
MASP (MBL associated serine protease), 3 
MBL (mannan binding lectin), 3 
MBL associated serine protease. See MASP 
Mean corpuscular hemoglobin, 239 
Mean corpuscular volume, 2 39 
Megakaryoblasts. 67 
Megakaryocytes, 67. 83 
Megaloblastic anemia. 51, 67 
Membrane attack complex. 3, 147 
Membranes. hyaline, 45 
Memory B cells, 9 
Meningitis, 51, 167 
Menopausal syndrome. 231 
Menopause, 231 
Menstruation, 229 
Metabolic acidosis, 113 
anion gap, 177 
non anion gap v., 133, 135 
high anion gap, 135 
hyperchloremic, 135 
kidneys relating to, 133.135 
lungs relating to. 133. 135 
normal anion gap, 135 
normochloremic, 135 
Metabolic alkalosis, 137 
Microangiopathic hemolytic anemia, 61 
Microcytic anemia, mild. 7 3 
Microthrombi. 33. 149 
Microvascular occlusions, 51 
Midsystolic murmur, 27 
Minimal change disease, 119 
Mitochondrial DNA, 107 


INDEX €» 


Mitochondrial dysfunction, 213 
Mitral regurgitation, 25, 29 
Mitral stenosis, 27 
Mitral valve prolapse, 29 
Mixed acid base disorder, 133 
MODS (multiple organ dysfunction syndrome), 
45, 61, 171 
MOF (multiple organ failure). 61 
Mono or oligoarthritis, 55 
Monocytes, 33 
Monosodium urate, 55 
Mucous secretion, 41, 53 
Multiple chronic liver discases, 101 
Multiple myeloma, 85 
Multiple organ dysfunction syndrome. See MODS 
Multiple organ failure. See MOF 
Multiple sclerosis, 219 
Murmur 
acute, of tricuspid regurgitation, 43 
aortic, 27, 29 
heart, 29 
midsystolic, 27 
mitral, 27, 29 
Myasthenic fatigue, 217 
Myasthenia gravis. 217 
Mycosis fungoides, 85 
Myelogenous leukemia, chronic, 83 
Mycloid lymphomas and leukemias, 83 
Myeloid metaplasia with myelosclerosis, 83 
Myeloid stem cell, 83 
Myocardial contraction, 21 
Myocardial infarction, 179 
Myocardial ischemia and infarction. 31, 225 
Myocardial remodeling, 21 
Myocardium, 23, 31, 35 
Myocyte necrosis, 31 
Myocytes. 21 
Myogenic reflex, 113 
Myxedema coma, 183 


aive T cell. 7 
vecrotiving vasculitis, 149 
Negative birefringent crystals, 55 
eoplasms, adrenal, 193 
Nephritic syndrome, 117,119 
Nephritis, 159 
Nephrogenic diabetes insipidus, 195 
Nephrolithiasis. 55, 121 
Nephrons, 115 
\ephropathy, 179 
Nephrotic syndrome, 117. 119 
NERD (nonerosive reflux disease), 89 
veurofibrillary tangles, 211 
veurohumoral mechanisms, 21 
Neurologic disorders 
Alzheimer's disease, 211 
Huntington's disease, 215 
intracranial hemorrhage. 223 
ischemic stroke, 225 
multiple sclerosis, 219 
myasthenia gravis. 217 
Parkinson's disease. 213 
scizures and epilepsy. 221 
Neuronal cell death, 167, 215 
Neuronal loss, dopaminergic. 213 
Neurons, 211 
Neuropathy, 179 
Neurotransmission, abnormalities with, 221 
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Neutrophils, 39, 45, 147, 167 
Nocturia, 25 
Nodes 

Bouchard's, 203 

Heberden's, 203 

lymph, 5 
Non anion gap v. anion gap metabolic acidosis, 
133,135 
Non Hodgkin's lymphomas, 85 
on-cardiogenic embolus, 225 
Nonerosive reflux disease. See NERD 
ormal anion gap metabolic acidosis, 135 
Normochloremic metabolic acidosis, 135 
Normocytic normochromic anemia, 115 
Nosocomial acquired UTI, 169 
Nosocomial pneumonia, 47 
Nucleation, 97, 121 


Oligomenorrhea, 233 
Opsonization, 3, 147 
Orthopnea, 25, 27, 29 
Osmolality, 238 
plasma, 125, 127,177, 197 
urine, 113, 195, 197 
Osteoarthritis, 203 
Osteoclasts, 201 
Osteomalacia, 115, 119 
rickets and, 207 
Osteoporosis, 205 
Ovarian cycle 
follicular phase of, 229 
luteal phase of, 229 
Ovarian failure, 229 
Ovaries, aging, 231 
Oxidative and nitrosative stress, 213 
Oxidized LDL, 33 
Oxygen content, arterial, 238 
Oxygen saturation, arterial, 238 


p-ANCA antibody. 91 
Pancreas, 53 
Pancreatitis 

acute, 45, 95 

chronic, 95 

hemorrhagic, 95 
Parathyroid adenoma, 189 
Parathyroid glands, 185, 189 
Parathyroid hormone. See PTH 
Parathyroid hyperplasia, 189 
Parenchyma 

brain, 211, 223 

liver, 101 

lung, 39, 45 

renal, 113 
Parkinson's disease, 213 
Paroxysmal nocturnal dyspnea, 25, 

27,29 
Partial thromboplastin time, activated, 
239 

Pathogens, 3, 9 
Pepsin, 79, 89 
Perimenopause, 231 
Periorbital edema, 183 
Peripheral edema, 23, 35 
Peripheral immune response, 219 
Peripheral insulin resistance, 179 
Peripheral vasculature, 33 


Pernicious anemia, 79 
pH, arterial, 238 
Phagocytosis, 9, 11, 147 
Phosphatase, alkaline, 207, 238 
Phosphate deficiency, 207 
Phosphorus homeostasis, 207 
Phosphorus, inorganic, 238 
Pituitary abnormalities, 229 
Pituitary adenoma, 193 
Pituitary gland, 181, 191, 193 
Placental ischemia, 235 
Plaque, 31, 33, 211,219 
Plasma cells, 9, 91 
Plasma iron pool, 81 
Plasma osmolality, 125, 127, 177, 197 
Plasma proteins, 11 
Plasma volume, 239 
Plasmin, 5, 61 
Platelet aggregates, 5, 43, 59, 63 
Platelet count, 239 
Platelet disorders. 63 
Platelet receptors, 63 
Platelets. 67 
Pluripotent hematopoietic stem cells. 153, 155 
Pneumonia, 45 
community acquired, 47 
nosocomial, 47 
Podagra, 55 
Polycystic ovary syndrome, 233 
Polycythemia, 39 
Polycythemia vera, 83 
Polydipsia, 177. 179, 195 
Polyphagia, 177 
Polyuria, 177, 179, 195 
Popliteal veins, 43 
Portal hypertension, 101 
Portal system, 35 
Porto-systemic shunt, 101 
Potassium, 238 
abnormal cell function relating to, 129, 131 
abnormal distribution of, 129, 131 
impaired excretion of, 131 
intake/loss of, 129 
Preeclampsia/eclampsia, 235 
Pregnancy-induced amenorrhea, 229 
Prerenal azotemia, reversible. 113 
Presynaptic rundown, 217 
Primary adaptive immune response, 9 
Primary hypercoagulable states, 65 
Primary hypertension, 111 
Primary lymphoid follicle. 9 
Primary ovarian failure, 229 
Primary renal disease, 117 
Prolactin, 238 
Prostatitis, 169 
Protein C deficiency, 65 
Protein S deficiency, 65 
Proteinase activity, 39 
Proteinuria, 119, 235 
Proteoglycans. 203 
Prothrombin, 5, 59 
Prothrombin mutation, 65 
Prothrombin time. See PT 
Pseudocysts, 95 
Pseudohyperkalemia, 131 
Pseudohypocalcemia, 187 
Pseudohyponatremia, 125 
PT (prothrombin time), 5, 239 
PTH (parathyroid hormone), 185, 187, 189 


Pulmonary arterial pressure, 43 
Pulmonary arteries, 35 
Pulmonary disease, 173 
Pulmonary disorders 
acute respiratory distress syndrome, 45 
asthma, 41 
COPD, 35, 39 
cor pulmonale, 35, 43 
deep vein thrombosis and pulmonary 
embolism, 43 
macrophages relating to, 39, 47 
pneumonia, 47 
Pulmonary edema, 25, 27, 29, 43 
Pulmonary embolism, 35, 43, 165 
Pulmonary fibrosis, 45 
Pulmonary hypertension, 29, 35, 45 
Pulmonary infarction, 43 
Pulmonary valve, insufficiency of, 23, 35 
Purines, degradation of, 55 
Pyelonephritis, 169 


RBC (red blood cells). 75. 81. 117 
Receptor-mediated endocytosis, 105 
Red blood cells. See RBC 
Red cell distribution width, 239 
Reed Sternberg cell, 85 
Refractory hypoxemia, 45 
Refractory septic shock, 171 
Regenerative nodules, 101 
Regurgitation 
aortic. 29 
mitral, 25. 29 
tricuspid, 43 
valvular, 27, 29 
Renal artery stenosis, 33 
Renal biopsy, 117 
Renal compensation, 139, 141 
Renal disease 
end-state, 115, 117 
primary, 117 
Renal disorders 
glomerulonephritis. 117, 149 
hypertension. 111 
nephrolithiasis, 55, 121 
nephrotic syndrome, 117. 119 
renal failure, 111. 113, 115 
Renal excretion, 133, 137, 139 
Renal failure 
ARE. 113 
chronic. 111. 115 
Renal functions, loss of, 115 
Renal osteodystrophy, 115 
Renal parenchyma, 113 
Renal reabsorption and synthesis, of new HCO3, 
133.137 
Renal vein thrombosis, acute, 119 
Reperfusion injury, 45 
RES (reticuloendothelial system), 47, 75, 
171,213 
Respiratory acidosis, 41, 43, 139 
Respiratory alkalosis, 41, 141 
Respiratory compensation, 133 
Resting cell membrane potential, 129, 131 
Reticulocyte count, 75, 77, 239 
Reticuloendothelial macrophages, 81 
Reticuloendothelial system. See RES 
Retinopathy, 179 
Reverse transcriptase. 163 


Rheumatic heart disease, 29 
Rheumatoid arthritis, 149 
chronic inflammation relating to, 201 
systemic manifestations of, 201 
Rheumatoid factor, 201 
Rheumatologic and bone disorders 
osteoarthritis, 203 
osteomalacia, 115, 119. 207 
osteoporosis, 205 
rheumatoid arthritis, 149, 201 
rickets, 207 
Rickets. See Osteomalacia 
Right sided dilatation, 43 
Right sided heart failure, 23, 27, 39, 43 
Right ventricular pressure, 43 


Sarcoidosis, 157 
Schistocytes, 61 
Secondary adaptive immune response. 9 
Secondary glomerular disease, 117 
Secondary hemostasis, 5 
Secondary hypertension, 111 
Secondary ovarian failure, 229 
Seizures and epilepsy, 221 
Sepsis, 45, 51, 171 
Sepsis cascade, 171 
Sepsis syndrome, 171 
Septic emboli, 165 
Septic shock, 171 
Sequestration, 67, 101 
Serology, of hepatitis B, 103 
Serum sickness, 149 
Severe combined immune deficiency, 155 
Sezary syndrome, 85 
Shortness of breath, 35, 47 
SIADH (syndrome of inappropriate antidiuretic 
hormone secretion), 197 
Sickle cell anemia. 51 
Sickle cell trait, 51 
Sickle shape, 51 
SIRS (systemic inflammatory response 
syndrome), 95, 171 

Sodium, 125, 127, 238 
Somatic hypermutation, 9 
Spleen, 67 
Splenic sequestration, 51 
Splenomegaly, 51, 71. 73, 83 
Squamous metaplasia, 39 
Steatosis, 107 
Stellate cells, 107 
Stenosis 

aortic, 27 

mitral, 27 

renal artery, 33 

valvular, 27, 29 
Stone formation, in kidney, 121 
Strokes, 27, 29, 159, 179. 225 
Subarachnoid hemorrhage, 223 
Subdural hematoma, 223 
Sweat glands, 53 
Symmetric arthritis, 201 
Syncope. 27 


Syndrome of inappropriate antidiuretic hormone 


secretion. See SIADH 
Synovitis, 55 
Synovium, 201 
Syphilis, 29 
Systemic anaphylaxis, 145 


Systemic inflammatory response syndrome. See SIRS 


Systemic lupus erythematosus, 149 
causes of, 159 
inflammation relating to, 159 
nephritis relating to, 159 

Systemic manifestations, of rheumatoid 

arthritis, 201 

Systemic vasculature, 23, 35 

Systolic dysfunction, 25, 29 

Systolic function, 23 

Systolic volume, 25, 29 


T cell activation or priming, 7, 91, 155, 157, 
217, 219 

T3 cells, 181, 183 

T4 cells, 181, 183 

Tubular necrosis, acute, 113 

Tachycardia, 43, 45 

Tachypnea, 43, 45 

Target cells, 7 

Testosterone, total, morning, 238 

Th1 cell cytokine profile, 7 

Th2 cytokines, 41 

'Th2 pathway, 41 

B thalassemia intermedia, 73 

a thalassemia major, 71 

B thalassemia major, 73 

a thalassemia minor, 71 

B thalassemia minor, 73 

Thrombin, 5, 59, 61, 65, 171 

Thrombocytopathia, 67 

Thrombocytopenia, 61, 67, 171 

Thrombocytosis, 83 

Thrombomodulin, 65 

Thrombopoietin, 67 

Thrombosis, 33 

deep vein, 43 

Thrombotic emboli, 33 

Thrombotic phase, 61 

Thrombus, 43 

Thymic aplasia, 155 

Thymus, 85, 155 

Thymus dependent antigens, 9 

Thymus independent antigens, 9 

Thyroid glands, 181 

Thyroid-stimulating hormones. See TSH 

Thyrotoxicosis, 31, 181 

Thyrotropin-releasing hormones. See TRH 

Thyroxine, total, 238 

TIA (transient ischemic attack), 225 

TIBC (total iron binding capacity), 77, 81 

Tissue damage, chronic inflammation relating 
to, 13 

Tissue necrosis, inflammation relating to, 11 

Tophi, 55 

Total iron binding capacity. See TIBC 

Transferrin, 75, 81 

Transfusion reactions, 147 

Transient ischemia, 31 

Transient ischemic attack. See TIA 

Transient LES relaxation, 89 

Transmural inflammation, 93 

Trauma, acute inflammation relating to, 11 


TRH (thyrotropin-releasing hormones), 181, 183 


Tricuspid regurgitation, acute murmur of, 43 
Tricuspid valve, insufficiency of, 23, 35 
Triglycerides, fasting, 238 

Triiodothyronine, 238 
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Trinucleotide repeats, 215 

Trisomy 21, 211 

TSH (thyroid-stimulating hormones). 181. 183 
Tuberculin test reaction, 151 

Tuberculosis, 173 


Ubiquitin proteosome system dysfunction, 213 
Ulcerative colitis, 91 

Urea nitrogen (BUN), 238 

Uremia, 115 

Urethritis, 169 

Uric acid, 55, 238 

Urinary tract infection, See UTI 
Urine flow, obstruction of, 113, 169 
Urine osmolality, 113, 195, 197 
Urosepsis, 169 

Urticaria, chronic, 147 


of, 229 
TI (urinary tract infection) 
bacteria relating to, 169 
community acquired, 169 
nosocomial acquired, 169 


E 


Valvular regurgitation, 27, 29 
Valvular stenosis, 27, 29 
Vascular endothelium, injury to, 63 
Vascular permeability, increase in, 11 
Vascular reactions, to acute inflammation, 11 
Vasculature 

peripheral, 33 

systemic, 23, 35 
Vasoconstriction, 111 

coronary. 31 

intrarenal, 113 
Vasodilation, 11 
Vasogenic edema, 167 
Vaso-occlusive crisis, 51 
Vasopressin 

arginine, 237 

release of, 21 
Vasospasm, 31 
Veins. See specific entries 
Venous stasis, 43 
Ventricle 

left, 23, 25, 27 

right, 23, 35 
Ventricular hypertrophy, 23, 31, 35, 111 
Viral envelope glycoprotein, 120 
Viremia, 163 
Vitamin B12 deficiency, 79 
Vitamin D deficiency, 207 
Voltage gradient, 129, 131 
Von Willebrand disease, 63 
V/Q mismatch, 43, 45, 47 


Wallerian degeneration, 219 
Water 

homeostasis, 195, 197 

loss of, 127 

retention of, 125 
Wide pulse pressure, 29 
Wiskott-Aldrich syndrome, 155 


X-linked agammaglobulinemia, 153 


Uterus and outflow tract, anatomic abnormalities 
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